
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at http : //books . google . com/| 



Digitized by 



Google 



CORNELL UNIVERSITY MEDICAL BULLETIN 
ItMi«d Qiuurtarbr 



Bator^d M S«eMMi 



CUm M«tt«r, Jwi« 23, 191 1, at tlM Poift Qffie*, At N«w Yofk, N. Y^ 
tkd Aet of Avcwt 24, 1912 



Aecoptance for moiling ot tpociol roto of potta^o providod for 
in SoctioB 1103, Act of Ootobor 3. 1917. oothorisod 



Tkoto puUicotiona iaeliido 

Tho ABMud Anomoomont of tho Modieol Colo«o oad 

Roptlalod Stodioc from tbo^Sorwal Dopvtmoats of tho |l«dicol Coloco 

•ad HvRofoordi Ldborolorios 




gitized by Google 



CORNELL 
UNIVERSITY 
MEDICAL BULLETIN 



Volume XII Number 2 

CXrrOBER, 1922 



STUDIES FROM THE 
Department of 

PHYSIOLOGY 

VIII 



PUBLISHED BY CORNELL UNIVERSITY 

477 FIRST AVENUE 

NEW YORK QTY 



Digitized by 



Google 



Cornell University Medical College 



THE DEPARTMENT OF PHYSIOLOGY 



GRAHAM LUSK 
Professor of Physiology 

DAYTON J. EDWARDS 
Associate Professor of Physiology 



Digitized by 



Google 






CONTENTS 



Studies Issued from the Department of Physiology, 1920-1922 



1. The Arterial Pressure Curve as Influenced by the Occulsion of Certain 
Vascular Areas and by Histamine D. J. Ed<wards 

(From the American Journal of Physiology, June, 1920, 52, 284.) 

2. Segmental Activity in the Heart of the»LimuIus D, J. Edwards 

(From the American Journal of Physiolog>', June, 1920, 52, 276.) 

3. Fundamental Ideas Regarding the Basal Metabolism Graham Lusk 

(From the Journal of the American Medical Association, July, 1921, 77, 250.) 

4. The Physiological Effect of Undernutrition Graham Lusk 

(From Physiological Reviews. October, 1921, 1, 523.) 

5. Animal Calorimetry. Seventeenth paper. The Influence of Colloidal 
Iron on the Basal Metabolism Einar Langfeldt 

(From the Journal of Biological Chemistry, Aug., 1921, 47, 557.) 

6. Animal Calorimetry. Eighteenth paper. The Behavior of Various 
Intermediary Metabolites upon the Heat Production Graham Lusk 

(From the Journal of Biological Chemistry, Dec., 1921, 49, 453.) 

7. Animal Calorimetry. Nineteenth paper. The Influence of Acids upon 

the COt— combining Power of the Blood Plasma S. A. Taistra 

(From the Journal of Biological Chemistry, Dec., 1921, 49, 479.) 

8. Animal Calorimetry. Twentieth paper. The Influence of the Ingestion 
of Meat and of Glycine and Alanine upon the CO2 — combining Power 

of Blood Plasma A, Chanutin 

(From the Journal of Biological Chemistry, Dec., 1921, 49, 485.) 

9. Animal Calorimetry. Twenty-first paper. The Influence of Morphine 
upon Heat Production in the D6g A. Chanutin and G. Lusk 

(From the Journal of Pharmacology and Experimental Therapeutics, June, 1922, 19, 359.) 

10. Animal Calorimetry. Twenty-second paper. The Production of Fat 
from Protein S. V. Atkinson, D. Rapport and G, Lusk 

(From the Journal of Biological Chemistry, July, 1922. 53, 155.) 

11. The Influence of Meat upon Physical Efliciency 

S. f/. Bassett, Evelyn Holt, and F, O. Santos 

(From the American Journal of Physiology, May, 1922, 60, 574.) 

12. On the Mechanism of Absorption from the Intestine S. Goldschmidt 

(From Physiological Reviews, July, 1921, 1, 421.) 

13. Food and Reconstruction Graham Lusk 

(From America and the Nciv Era. A Symposium on Social Reconstruction, edited by 

Elisha Friedman, New York: E. P. Dutton, 1920, chap. 23, pp. 369-95.) 

14. An Analysis of Some of the Factors of Variability in the Vital Capacity 
Measurements of Children May G. iVilson and D. J, Edwards 

(From Archives of Internal Medicine, Nov., 1922.) 



Digitized by 



Google 



ALSO ISSUED BUT NOT INCLUDED HEREIN: 

15. Obituary of Theodore Caldwell Taneway Graham Lusk 

(From the American Journal of the Medical Sciences, 1918, 155, 4.) 

16. Scientific Aspect of the Inter- Allied Food Situation — Wesley M. 
Carpenter Lecture delivered before the New York Academy of 
Medicine Graham Lusk 

(Published as "Science and the World's Food," Scribner's Magazine, 1918, 64, 710.) 

17. Science and Medical Teaching Graham Lusk 

(From Science, 1918. 48, 629.) 

18. Notions de physiologie de la nutrition. La ration d'entretien. .Graham Lusk 
(From Vie Ch^re et la sante — Comment nous alimenter, Bprnard Grasset, Paris, 1919, p. 25.) 

19. The Nutritional Standards of Adolescence Graham Lusk 

(From the Journal of Home Economics, 1919, 11, 281; also published as "Nutrition of 

Adolescence," in the Report of Children's Bureau Conferences, Conference Series 
No. 1, 1919, Bureau ^Pub. No. 60, p. 256.) 

20. Scientific Medicine — Yesterday and Tomorrow Graham Lusk 

(From Journal of the American Medical Association, 1919, 73, 181.) 

21. A National Laboratory of Human Nutrition Graham Lusk 

(From Science, 1919, N. S. 50, 97.) 

22. Influence of Lactic Acid upon the Metabolism of the Dog 

G, Lusk and H. V, Atkinson 
(From the Proceedings of the Society for Experimental Biology and Medicine, 1919, 17, 14.) 

Calorim^trie comparce de I'ingestion de viande, d'acide lactique ct 

d'alanine chez Tanimal Graham Lusk 

Presented by Armand Gautier 
(From Comptes rendus des seances de I'academie des sciences, 1919, 168, 1012.) 

23. A Medical School, in the War and after Graham Lusk 

(From Science, 1919, N. S. 50, 403.) 

24. Une edition amerieaine du traite elementaire de chimie de Lavoisier 
publi^e a Philadelphie en 1799 G. Lusk and Jean LeGoff 

(From La Gazette des hopitaux, May, 1920, No. 41, 650.) 

25. Some Influences of French Science on Medicine Graham Lusk 

The Pasteur lecture. Institute of Medicine of Chicago 

(From Proceedings of the Institute of Medicine, Chicago, 1921, 3, 98; and the Journal 

of the American Medical Association, 1921, 76, 1.) 

De rinfluence de la science francaise sur la medecine Graham Lusk 

Translated into French by P. Gerald 
(From Revue Scientifique, Mar. 25, 1922, 60th year, 177.) 

26. The Vital Capacity of the Lungs and Its Relation to Exercise Toler- 
ance in Children with Heart Disease. ,Mny G. IVilson and D. J. Edvfards 

(From the American Journal of Diseases of Children, Nov. 1921, 22, 443.) 

27. Diagnostic Value of Determining Vital Capacity of Lungs of Children 

May G. fVilson and D. J. Edwards 

(From the Journal of the American Medical Association, April, 1922, 78, 1107.) 

28. Localized Lesions in the Corpora Striata Produced by Buried Radium 
Emanation D. J. Ed*wards and H. J, Bagg 

(From the Proceedings of the Society for Experimental Biology and Medicine. 
May, 1922, 19, 382.) 

29. A History of Metabolism Graham Lusk 

(From Barker's Endocrinology and Metabolism in 5 volumes. New York and London: 

D. Appleton & Co., July, 1922, Vol. 3, Introductory chapter, pp. 2-79.) 

30. The Specific Dynamic Action of Various Food Factors Graham Lusk 

(From Medicine, Aug., 1922, 1, 311.) 

31. Memories of the Food Situation in 1918 Graham Lusk 

(From Essays and Studies in Honor of Margaret Barclay IVilson, New York: 

Columbia University Press, 1922.) 



Digitized by 



Google 



Reprinted from This Amkbicam Joobnal op Phtsioloot, 
Vol.52, No. 2, June, 1920 



THE ARTERIAL PRESSURE CURVE AS INFLUENCED BY 

THE OCCLUSION OF CERTAIN VASCULAR 

AREAS AND BY HISTAMINE 

D. J. EDWARDS 

From the Physiological Laboratory ^ Cornell University Medical CoUege, New 

York City 

Received for publication March 22, 1020 

It has been shown in a number of researches by Wiggers (1) that 
the contour of the pressure curve recorded by the membrane mano- 
meter affords reliable qualitative data on the d3mamics of the circu- 
lation. An outstanding feature of this method is that it gives infor- 
mation concerning the failure of normal dynamic relations earlier than 
the blood pressure results. It has made possible, therefore, a fairly 
precise designation of the onset of circulatory failure (2). 

In the course of studies on blood flow (3) the use of a recording strom- 
uhr made it necessary to close for periods of as much as twenty minutes 
the main blood vessels supplying visceral organs and in other instances 
those supplying the extremities. Roy and Brown (4) were probably 
the first to call attention to the fact that occlusion causes in the frog 
a dilatation of the arterioles to twice their normal size in two minutes, 
the effect extending also into the capillaries and veins. Recently 
attention has been directed to the possible harmful tendency of occlu- 
sion measures by the experiments of Mann (5) in which he shows that 
a shock-like condition can be produced by ligating all of the limb struct- 
ures excepting the main artery, and Erlanger and Gasser (6) have shown 
that a similar condition results from a partial obstruction of the inferior 
cava for about a 2-hour period. In view of these results it is obviously 
desirable to know whether the less extreme measures used in blood 
flow experiments produce early changes in the dynamics, also whether 
there are differences in the character as well as the time of appearance, 
which distinguish obstructions of central areas from those involving 
peripheral organs. 

There has been included in the program a study of the influence of 

histamine on the pressure curve, since the observed capillary toxicity 

of this product suggested a causal relation to the effects following oc- 

ckision of vascular areas. 

2M 
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SEGMENTAL ACTIVITY IN THE HEART OF THE LIMULUS 

D. J. EDWARDS 

From the Physiological Laboratory ^ Cornell University Medical College, New 

York City 

Received for publication March 22, 1920 

In the struptural make-up of the Lunulus heart the arrangement of 
the muscular elements into a long tube with well-defined segments, 
and the grouping of the nervous elements into a median ganglion and 
lateral nerves, are features which have a significant bearing upon its 
functional activity. Attention is especially directed to these features, 
since it appears from the work of Carlson (1) and others that activity 
in this heart is initiated and conditioned by this intrinsic nervous 
system, and that contraction in all segments is practically simultaneous. 
These considerations have suggested the present study, which is an 
analysis of the contractile process in the different parts of the muscular 
tube, and of the sequence pf activity in the different segments in an 
attempt to discover the exact temporal relations of the different parts. 

In order to make a detailed study of the contraction event it is neces- 
sary to employ instruments of unquestionable efficiency. The short- 
comings of the suspension method of recording heart action are too well 
known to need repeating; it suffices to note that records made from the 
heart of this form by arranging in various ways, so that a thread hooked 
into one of the lateral arteries may be attached to a cumbersome record- 
ing lever, gives a very inadequate representation of the contraction. 
Small myocardiographs recording by means of Frank capsules were 
used in the experiments here described, and the arrangement of the 
apparatus was essentially the same as described by Wiggers (2) and 
used for analyzing the contraction process in mammalian auricle. The 
method of adapting it to the Limulus heart was as follows: The myo- 
cardiograph arms were adjusted to a given segment so lEis to exactly 
span the width of the heart at the end of diastole. A fine silk thread 
was then passed through the superficial layer of the heart at the lateral 
borders and the arms of the myocardiograph tied thereto. In this 
manner there was slight traction on the heart until it began to contract. 
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SEGMENTAL ACTIVITY IN LIMULUS HEART 277 

Moreover, there was very little resistance offered to the shortening as 
the myocardiograph and also the Frank capsule were covered with very 
thin rubber membrane. 

The record obtained is that of the mid-segmental shortening, the 
part of the heart that normally exhibits greater contractility than the 
inter-segmental portions where the ostea are located and in the anterior 
part the lateral arteries are attached. 

The myogram of different segments. In considering the relation of 
the heart of the Limulus to its circulatory system it will be noted that 
the five anterior segments are each connected with outgoing pathways 
for the blood. If one reasons from analogy to the mammalian heart, 
a greater contractility should mark the myogram of these parts as 
compared with that of the posterior segments. 



Fig. 1. Simultaneous myograms from heart segments 2, 5i, and 5, Sb, showing 
differences in the contour of the curve from these parts. 

A comparison of the myogram from the two ends of the heart, for 
example, segments 2 and 8, shows differences in the contour, but the 
curve from segment 5, which has lateral openings, does not exhibit 
significant difference from that of segment 6, w^hich has no such open- 
ings. It appears, therefore, that specialization in contractility, such 
as is shown in the ventricle of the mammalian heart, is not sharply 
delimited in the heart of the Limulus to that part from which the circu- 
lating fluid is outgoing. 

The contraction amplitude is nearly always greatest in segment 2. 
The myogram of this segment, in figure 1, shows a small primary rise, 
b to c, upon which is superposed the main contraction, c to d. The 
upstroke of the principal rise is rapid and the summit is relatively 
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pointed, indicating that the state of maximal contraction occurs in 
all of the elements of this segment at practically the same instant. 
All of these features are exhibited in the myogram of segment 3, except- 
ing that the degree of contraction is usually a little less. The myograms 
of 4 to 8 all show a smooth rounded contour and, barring differences in 
the amplitude, the curves from these different segments are practically 
superimposable. The shortening process in these segments develops 
slowly, as is shown Jairly typically in the myogram of segment 5, figure 
1, and moreover the maximal shortening is reached gradually, giving 
the curve a flattened summit. These features indicate that the con- 
traction takes place in a wave-like manner; some of the elements at the 
beginning of systole are contracting while others are quiescent, while 
at the end of systole some are undergoing relaxation while others are 
still contracting. This form of contraction is suggestive of the type 
found in the mammalian auricle (2). 

In the vigorously acting heart the myograms of segments 2 and 3 
are characterized by a slowly developing state of tension preceding the 
beginning of contraction. This is shown in the myogram of segment 2, 
figure 1, in the part of the curve from a to b. The diastolic phase con- 
tinues so that the curve passes somewhat below the level at the begin- 
ning of systole. Then follows the state of developing tonus during 
which the curve gradually swings back. In a slowly beating heart the 
curve reaches the level before the next systole begins, but with a more 
rapid rhjrthm the tonus increase extends right into the next systole. 
These presystoUc tonus changes have not been found in hearts exposed 
for an hour or more to experimental procedure^; they have also not 
been exhibited in the records from the posterior segments. 

The sequence of segmental activity. Inasmuch as the experimental 
evidence for the Limulus heart favors the view that the impulse is 
initiated in the median ganglion, the precise time of activity in different 
segments is a matter of some interest. A casual inspection of a pulsat- 
ing heart gives the impression of a simultaneous event throughout the 
nine segments. Carlson (3) states that "when an empty heart has been 
beating for several hours, or till nearly exhausted and the rate of the pul- 
sations is in consequence much reduced, it can be made out .... 
that the contractions start in the posterior third of the heart and travel 
anteriorly This is evidently the case in the fresh and vigor- 
ous heart." In a later communication the same writer (4), discussing 
the degree of automatism of different parts of this heart, attributes 
this function primarily to the middle third, in a less degree to the 
posterior third, and least in the segments of the anterior third. 
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From the foregoing statements it is evident that the question of 
segmental sequence can be answered only by exact measurements of 
initial activity in different segments. This has been done by simul- 
taneous myograms of selected parts of segments, and by myograms 
related to the wave of excitation as detected by a string galvanometer. 
The usual procedure of taking simultaneous myograms was to attach 
one myocardiograph to segment 2 and a second to segment 3, then after 
a short interval records were taken. One myocardiograph was then 
changed to the next segment and the process repeated, and in a similar 
manner records were taken from all segments. Usually only one series 
was taken from a heart and sometimes only a few segments were com- 
pared, but each record was taken in duplicate and the mean of these 
was used in making up the data for that experiment. 

In general the results show that the middle segments, that is, segments 

4 and 5, exhibit activity in a given cycle earlier than the posterior or 
anterior segments. A comparison of the beginning of contraction of 
segment 5 and of segment 2 in sixteen experiments shows that segment 

5 preceded by an average interval of 0.046 second. In nine experiments 
comparing segment 2 with segment 4 there is shown an average time 
interval of 0.047 second, with segment 4 preceding. This indicates 
that the beginning of contraction in segments 4 and 5 is practically 
simultaneous and that it normally precedes the contraction of segment 
2. On the other hand, a comparison of segment 2 with segment 6, 
for example, shows in eight experiments an average difference of 0.023 
second, indicating that while segment 6 slightly precedes the beginning 
of contraction of segment 2, it follows by an average interval of 0.024 
second the contraction of segment 4. 

A comparison of the initial activity in segments 7 and 8 by this 
method has given less satisfactory results because of the usually low 
degree of contractility which makes it difficult to determine precisely 
the beginning of shortening. It is possible, therefore, to make only a 
general statement concerning them. In six experiments comparing 
the beginning contraction of segments 2 and 7, it is shown that segment 
7 precedes that of segment 2 in four instances and follows it in the 
remaining two. In a similar way, the data for seven experiments 
comparing segments 2 and 8 show that the contraction of segment 8 
preceded the contraction of segment 2 in three instances and followed 
it in the remaining four. This indicates that the contraction of the 
posterior segments normally takes place at practically the same time 
as the anterior ones. 
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The records, when viewed as a whole for the seven experiments of 
the series and the successive stages in each compared, show moderate 
changes after about 3 hours of the alternate occlusion and deocclusion. 
All of the experiments were continued for approximately 4 hours. The 
final contour of the pressure ciu^e usually takes the form of a marked 
primary oscillation followed immediately by a sharp decline of the curve 
replacing the systolic plateau of the normal curve. These features 
are quite characteristically shown in the three segments reproduced 
in figure 1, in which corresponding points in the curves are indicated 
by similar letters. These curves were taken as follows: I at the outset 
of the experiment; // at the end of 2 hours and 20 minutes during which 
the alternate 20-minute occlusion and 5-minute release of two femorals 



Fig. 1. Segments of the optical arterial curves during the progress of successive 
occlusion and deocclusion of the veins of three extremities. 

and one brachial veins were carried out; /// at the end of 3 hours and 
40 minutes of alternate occlusion and release. 

The change in mean blood pressure taking place in this period is 
slight, but significant in view of the fact that the directional change is 
downwards and that the optical curve is indicative of lowered peripheral 
resistance. The following table will assist in bringing out this feature 
of the blood pressure change and also the time of appearance of a 
marked change in the form of the pressure curve. This table shows that 
averaging the interval before a marked change was apparent in the 
contour of the pressure curve there was required about 3i hours of 
alternate clamping of the veins or ligating of the extremities and that 
much longer time was necessary to give unmistakable signs of decreased 
peripheral resistance. Definite indications of circulatory failure and 
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a shock-like condition were shown, however, in only one instance, that 
of experiment 8, but the data for this experiment give ground for the 
view that the occlusion effects per se played a relatively less part than 
trauma of the sensory nerves from application of the ligatures. There 
were mjtrked sensory signs with each appUcation of the Ugatures and 
mean blood pressure in the early part of the experiment rose from 172 
to 206 mm. Hg. ; then occurred a fairly sudden break and a fall in press- 
ure. The optical curve does not give indication of increased resistance 
as the main cause of this rise; it is probably due, therefore, to an in- 
creased cardiac output. 

Thus, however viewed, the alternate occlusion and deocclusion of the 
circulation of three extremities fails to effect changes in the dynamics 
of a more pronounced character than have been shown to occur in the 

TABLE 1 
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EXPERIMENTAL 
PERIOD 
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CURVE 
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At the finish 


AT FINISH 








hours 
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3 
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Very low 
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132 
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10 


Decreased 


11 
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3 


50 


3 


20 


Decreased 


14 


166 


112 


5 
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45 


Decreased 


15 


126 


112 


4 








No change 



initial stages of circulatory failure of shock (2) and a period well over 
3 hours is required for this change to appear. 

Clamping of the inferior cava: The moderate degree of change in 
the pressure curve resulting from occulsion of the circulation of the 
extremities suggested extending the procedure to include larger vascular 
areas. It is interesting to notice in this connection that the minute 
volume flow to the posterior extremities, as calculated from the flow 
in the femoral vein (7), is 45 cc. There are no data available concerning 
the supply to the anterior extremity but it is usually assumed to be 
approximately equal to that of the posterior extremity. The three 
extremities, therefore, would represent a volume flow of 135 cc. per 
minute. On the other hand, it has been shown that the kidneys have 
a minute volume flow of 195 cc. for the two organs (8). These data 
represent average normal values and at best are only approximate, 
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but they serve to indicate that the clamping of the cava affects a many 
times greater vascular field than was included under the experiments 
on three extremities. 

The pressure changes following cava obstruction indicate in a striking 
way that there is a greatly diminished venous return which causes 
some cardiac embarrassment. There is a reduction in the amplitude 
of the curves with a retardation in the gradient of the upstroke and 
the end of systole is not sharply marked by a distinct incisura. With 
the first deocclusion of the cava there is evident in the pressure curve 
a resumption of the main characteristics of the original, but after the 
second period of clamping Uttle tendency to recovery is shown; further- 
more, there is indicated a marked relaxation in peripheral tone. The 
total time of occlusion of the inferior cava necessary to give these indi- 
cations of a break in the dynamics was never more than 1 hour. It 
may have been somewhat less since the periods of occlusion were from 
25 to 30 minutes. 

The results of one experiment in which the clamp was applied just 
posterior to the inlet of the renal veins is of interest, since in this manner 
the kidney circuit is left intact. The blood pressure fell about 30 mm. 
Hg. when the clamp was on but showed practically complete recovery 
each time it was removed. This was repeated four times, covering a 
period of 2 hours and 10 minutes, and at the end of this time the optical 
curve showed the characteristics of initial failure. There is suggested, 
therefore, a degree of proportionality between the time of appearance 
of these circulatory changes which influence the form of the pressure 
curve and the extent of the vascular field occluded 

OcdiLsion of the inferior mesenteric vein: The inferior mesenteric vein 
drains an entirely visceral area in contrast to the conditions considered 
above. Moreover, it represents a vascular field as indicated by the 
figure for blood flow of 164 cc. per minute (9) quite comparable to that 
studied under occlusion of the extremities. 

The outstanding features in the pressure curve during the progress 
of this type of occlusion are the relatively sudden appearance of the 
change in the contour of the curve and the slight indication of progressive 
development after this initial change. The first period of clamping 
was about 40 minutes and the pressure curve shows (fig. 2, //) at the 
end of this time a sharp primary oscillation (a-b) without plateau (fe-c) 
and with low diastolic limb (e-/). Each record was taken at the end 
of the 5-minute period of deocclusion. Segments /// to F/, while 
differing somewhat in amplitude, show slight changes in their essential 
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characteristics and give evidence of a comparatively fixed state of 
dilatation after the first period of stasis. Furthermore, these succeeding 
periods of occlusion show only moderate depression in blood pressure 
and nearly identical recoveries during the periods of deocclusion. These 
changes lend support to the view that the cardiac mechanism is not 
markedly affected by the degree of reduction in the venous return. 

The significant features in these results appear, therefore, as the rapid 
initial decrease in blood pressure with comparatively small changes 
from the alternate periods of occlusion and deocclusion, and the slight 
tendency to a progressive type of change in the pressure curve. Many 
factors are concerned probably in the production of the effects fol- 
lowing occlusion of the venous return from such vascular areas, but the 



Fig. 2. Segments of optical arterial curves during the progress of successive 
occlusion and deocclusion of the inferior mesenteric vein. 

following warrant special consideration: (a) Mechanical distention of 
the blocked venous system; (b) a toxic action of products formed in the 
stagnant areas which exert further injurious effects when periodically 
flushed into the circulation; and (c) the damaging of the vascular walls 
with accompanying alterations in permeability. The present experi- 
ments do not permit of direct conclusions concerning which of these 
factors plays the essential r61e in the production of the effects studied. 
Indirectly they give evidence, however, in favor of the view of mechani- 
cal dilatation as the main cause of these primary changes, since it has 
been shown that occlusion of an intestinal area which affords by virtue 
of its plastic character a favorable site for mechanical stretching of 
its vascular walls, is immediately affected and the change appears 
almost in full magnitude at the outset. The occlusion of a peripheral 
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field of comparable vascular magnitude, which presents a comparatively 
rigid vascular area, gives results essentially different in that corre- 
sponding changes in the pressure curve appear much later in the course 
of events. 

Thus far, no account has been taken of the possible toxic effects of 
substances formed during the periods of stagnation. In order to throw 
light directly upon the probable degree of influence which substances 
of this character exert the experiments below with histamine were 
performed. 

Successive injections of histamine: The results of Dale and Laidlaw 
(10) show quite conclusively that the administration of histamine may 
produce a condition simulating traumatic shock. This phenomenon 



Fig. 3. Segments of optical arterial curves at certain stages during the blood 
pressure change from injection of 0.15 mgm. histamine. The numbering of seg- 
ments corresponds to positions indicated on figure 4. 

they assign to increased capaciousness through the relaxation of capillary 
tone from the toxic action of this substance. In their experiments cats 
were used for the most part and a dosage of a milligram per kilo body 
weight was found necessary to produce circulatory collapse. 

In the present experiments on dogs it was sought to test not only 
the immediate effects but also the accumulative action of histamine 
on the dynamics of the circulation; accordingly, the injections were 
usually 0.04 or 0.05 mgm. (the ergamine of Burroughs, Wellcome & Co.) 
repeated at 10-minute intervals over a period of 3 to 4 hours. Such 
a dosage never fails to give at each injection a fall of over 50 per cent 
in blood pressure at the start. The recovery is rapid at first and usually 
complete in less than 3 minutes but as the experiment progresses and 
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also following larger injections a somewhat longer time is required before 
the pressure returns. 

In figure 3 are shown portions of the optical records taken during 
the changes produced by the injection of 0.15 mgm. histamine. These 
curves, taken in connection with the tracing of the blood pressure change 
shown in figure 4, portray the immediate effects of this substance upon 
the pressure relations. Coincident with the fall in mean blood pressure 
the optical curve shows (fig. 3, segment //) a large primary oscillation 



Fig. 4. Tracing showing blood pressure change as related to optical curves 
in figure 3. Numerals correspond to segments in that figure. The inteivals 
Af B and C correspond to 2 minutes, 5 minutes and 5 minutes, respectively. Time 
curve indicates seconds. 

(a-b), indicative of a collapsed state of the arterial system (c-d), and a 
flattened diastolic limb (e-/), signifying a low state of peripheral resist- 
ance. There is a rapid restoration of peripheral tone indicated in 
segment ///, 6-/, by the immediate rise in this portion of the curve. 
This change in resistance suffices to restore mean blood pressure in a 
short time but it will be seen from segment IV that the recovery of the 
dynamic relations is complete before mean blood pressure has reached 
its original level. The extent to which cardiac output is influenced by 
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these changes does not appear from the present data. Further experi- 
ments dealing with this feature are in progress. 

Turning now to the influence of the successive injections, it was 
demonstrated at the outset that small doses, e.g., 0.01 mgm. per injec- 
tion, have little accumulative effect. With individual injections in 
amounts of 0.05 mgm. it has been possible generally to produce in dogs 
of about 8 kilos signs of initial circulatory failure after a total of 0.5 
to 0.7 mgm. had been injected in the manner indicated. The stages 
in the failing dynamics are very well brought out in figure 5. Segment 
/ was taken at the outset of the experiment and serves as a basis for 
comparison; segment // was taken after seven 0.04 mgm. injections 
had been given; and segment ///, after thirteen such injections. Close 



Fig. 5. Segments /, //, /// and IV ^ optical arterial curve during progress of 
successive injections of histamine. Segment V, taken 25 minutes following 
injection of 5 cc. adrenalin (1 : 5000). Description in text. 

inspection of these curves shows a sharper contour in II and /// and 
a slight diminution in the height of the primary oscillation. These 
features are significant in that they anticipate the more marked changes 
characteristic of failing peripheral resistance and that they take place 
without significant changes in mean blood pressure. At this stage of 
the experiment the dosage was increased. There followed two 0.2 
mgm. injections at the usual 10-minute intervals and one injection of 
0.5 mgm. Whereas the smaller amounts had usually caused a fall in 
blood pressure to 50 to 60 mm. Hg., the latter dose depressed the press- 
ure to 36 mm. Hg. Segment IV was taken 20 minutes following the 
0.5 mgm. injection and at a time when blood pressure had practically 
recovered. It will be seen that the introduction of the larger amounts 
augmented the features already noted and that the curve now exhibits 
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a certain likeness to that shown under the occlusion of the veins to the 
extremities and characteristic of initial failure. 

These results present quite typically the effects on the optical curve 
of repeated injections of histamine. It is significant to note, also, that 
all of the experiments were continued for a period of about 4 hours 
without a single instance of circulatory collapse appearing, notwith- 
standing injections at the conclusion of some of the experiments of a 
milligram of histamine following closely upon successive doses only 
slightly less, with a total given during the experiment amounting to 
3 mgm. or more. These observations lend support to the view that the 
dilatation resulting from the amounts of histamine used, and adminis- 
tered in the manner indicated, causes only moderate dynamic changes. 
Furthermore, it appears that the change is one that may be due to the 
reduced resistance from simple capillary dilatation. With the possi- 
bility in mind that a moderate vasoconstriction might counteract the 
effects of the periodic histamine dilatations and thereby restore the 
failing dynamics, injections of 5 cc. of adrenalin (1:5000) were given 
at the rate of about 1 cc. per minute. The usual constrictor response 
followed but passed off in ten to fifteen minutes and a vascular equili- 
brium was again established. The pressure relations at this stage are 
very well shown in segment V of figure 5, taken 25 minutes following 
the administration of the adrenalin. It shows that, notwithstanding 
a good state of peripheral resistance signified by the height and slope 
of the diastolic limb, e-f of the curve, there is a diminished distention 
of the arterial system evidenced by the increased amplitude and sharp 
contour of the primary oscillation, a-fe. 

The marked vasoconstriction of the adrenalin appears to have the 
effect, therefore, of augmenting the condition started by the histamine. 
In this connection it is interesting to consider briefly the possible mechan- 
ism of action of adrenalin whereby it accentuates the dilatation initi- 
ated by histamine. Hartman and McPhedran (11) state that large 
doses of adrenalin dilate the intestinal vessels. On the other hand 
Erlanger and Gasser (12), while not able to agree with this conclusion, 
point out that portal pressure is greatly increased by giving large 
amoimts. 

The results presented above give unmistakable evidence of a decrease 
in peripheral resistance after repeated small doses of histamine. It 
is well to bear in mind that several factors may contribute to this end, 
important of which are decreased arterial tone, dilatation of the capillary 
areas and decreased viscosity of the blood. While it is not possible 

THB AMBBICAN JOURNAL OP PHTBIOLOGT* VOL. 52, NO. 2 



Digitized by 



Google 



294 D. J. EDWARDS 

to state with certainty regarding which of these factors plays the greater 
r61e in the reduction of peripheral resistance with histamine, it is reason- 
able to assume that the action of adrenalin described above is due to 
a further dilatation of the weakest link in the vascular circuit. The 
usual absence of reduction in arterial tone from adrenalin, and also 
the excellent results of Dale and Richards (13), indicating that his- 
tamine is a capillary dilatant; support the conclusion that the capillary 
system is the part less resistant and is the area which compensates 
for the intense constriction of the adrenalin. The data at hand do not 
indicate whether this effect is mainly on the intestinal area or is gener- 
ally present in the capillary blood-bed of all organs. The observation 
of a great increase in portal pressure lends support to the view that 
the area supplied by this vessel may play the larger part in these results. 
One point still remains to be discussed; that is, the bearing of the 
results with histamine upon the effects following occlusion of different 
vascular areas. The optical curves show features in common, each 
presenting changes indicative of initial failure of normal dynamic 
relations. It might appear, therefore, that the occlusion effects were 
caused by metabolic products with histamine — like action formed 
during the periods of stasis. There seems little doubt that such prod- 
ucts may contribute to the effects of occlusion, but that they are not 
the main cause is evidenced, I believe, by the relatively large amounts 
of histamine necessary to initiate failure changes and by the observa- 
tion recorded above that dining the periods of reestablished circulation 
through the occluded part there are never indications of a dilating sub- 
stance being carried into the general circulation. 

SUMMARY 

1. Alternate periods of occlusion and release of the circulation of 
three extremities, when continued for about 4 hours, produce changes 
in the optical pressure curve comparable to those shown in initial 
•circulatory failure. There appears to be Uttle difference whether the 
occlusion is produced by a, hgating all of the limb structures except the 
main arterial supply; or 6, clamping the principal venous channels 
from these organs. 

2. Clamping the inferior cava anterior to the renal veins shows 
indications in the pressure curve of cardiac embarrassment from di- 
minished venous return. Two 30-minute periods of occlusion of this 
vein interrupted by 5-minute intervals of reestablished flow produce 
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marked changes in the djrnamic relations. By lessening the vascular 
area blocked, the time of appearance of these changes is somewhat 
delayed. 

3. Blocking the venous return from a visceral area brings on a failure 
type of pressure curve much sooner than occlusion of a peripheral area 
of comparable vascularity. 

4. The observations of a slow, progressive development of the occlu- 
sion effects of peripheral structures, the rapid onset with Uttle evidence 
of progressive development for visceral areas, and the character of the 
changes portrayed in the pressure records, support the interpretation 
that the cause is essentially one of mechanical distention of the blood- 
bed in the occluded parts. 

6. The optical pressure curves during* the blood pressure change from 
a small dose of histamine show a sudden decrease in the peripheral 
resistance with a greatly diminished arterial distention, and an immedi- 
ate recovery of peripheral tone. Injections of 0.04 to 0.05 mgm. 
repeated at 10-minute intervals produce after many such doses a small 
degree of decrease in peripheral resistance. Larger doses serve to 
accentuate these initial effects of the periodic dilatations. 

6. Adrenahn augments the failure changes initiated by the repeated 
histamine injections. ^ 
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As early as 1839, Sarrus and Rameaux ^ stated that, 
since the loss of heat in animals must be proportional to 
their surface area, therefore the heat production must 
be proportional to the same unit. 

Regnault and Reiset,* ten years later, wrote : 

The consumption of oxygen absorbed varies greatly in 
different animals per unit of body weight. It is ten times 
greater in sparrows than in chickens. Since the different 
species have the same body temperature, and the smaller 
animals present a relatively larger area to the environmental 
air, they experience a substantial cooling effect, and it 
becomes necessary that the sources of heat production operate 
mqre energetically and that respiration increase. 

Only three years after this. Bidder and Schmidt^ 
made the following thoroughly modern statement : 

The extent of the respiration, like every other component 
of the metabolism process, is to be regarded as a function 
of one variable, the food taken, and one constant, a dis- 
tinctly typical metabolism (Respirationsgrosse) which varies 
with the age and sex of the individual. This factor charac- 
terizes every animal of a given race, size, age and sex. It 
is just as constant and characteristic as the anatomic struc- 
ture and the corresponding mechanical arrangements of the 
body. It is in the main determined by the heat consumption 
in the organism; that is to say, the replacement quota for 
heat lost to the body through radiation and conduction to 
the environment in a given unit of time. It may therefore 
be used to determine this, or in case the factor of heat loss 
is known, one can deduce the extent of the metabolism. 

• Read before the joint meeting of the Section on Practice of Med- 
icine, tne Section on Pharmacology and Therapeutics, and the Section on 
Pathology and PhysioIog]r at the Seventy-Second Annual Session of the 
American Medical Association, Boston, June, 1921. 

1. Sarrus and Rameaux: Bull. Acad. roy. de m6d.. Paris 3: 1094. 
1839. 

2. Regnault and Reiset: Annates de chimie et de physique. Series .\ 
36:299. 1849. 

3. Bidder and Schmidt: Die Verdauungssafte und der Stoffwechsel, 
Mitau and Leipzig, 1852, p. 348. 
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This typical metabolism ... is that of the fasting ani- 
mal. It must be nearly the same in animals having the same 
body volume, surface and temperature; the larger the body 
surface, the body volume and temperature remaining con- 
stant, or the higher the body temperature with surface and 
volume constant, the higher will be the metabolism as deter- 
mined by the laws of static heat. 

Of course a sharp mathematical treatment of this phe- 
nomenon can be thought of only after very numerous and 
exact experimental determinations on animals of most varied 
form, size and temperature. 

Rubner * first applied exact calculations to this prob- 
lem, and he announced that dogs varying from 3 to 30 
kg. in weight produced the same number of calories per 
square meter of body surface, though per kilogram of 
body substance the heat production was 88 calories per 
kilogram in the smallest dog and only 36 calories per 
kilogram in the largest one. He remarks : 

Large and small dogs do not metabolize diflFerent quantities 
of food because their cells are diflFerently organized, but 
because cooling influences on the skin excite the cells to 
activity. 

Shortly after Rubner's publication, Richet, in 1885, 
showed that a cat, a rabbit and a goose, all of similar 
weights, produced approximately the same amounts of 
heat. He stated that in future one should express all 
calorimetric observations in terms of surface area and 
not in weight, a principle now very largely followed in 
the United States. 

Rubner later came to a better understanding regard- 
ing the cause of the Law of Surface Area. He found 
that two guinea-pigs of different sizes had the same 
heat production per square meter of surface, even 
though they lived surrounded by air at a temperature 
of 30, thus excluding all thermal influences. He real- 
ized from this that the level of the basal metabolism 
could not be caused by the influence of cooling on the 
body, and no one has since thought so. Rubner,^ how- 
ever, stated that he believed that the phenomenon 
observed wa^ the result of accommodation to the action 
of co!d to which animals in former ages had been 
exposed. 

4. Rubner, M.: Ztscbr. f. Biol. 19:549, 1883. 

5. Rubner: Die Gesetze des Energieverbrauchs bei der Ernahrung, 
Leipzig and Vienna, 1902. p. 174. 
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My own work has shown that a cold sugar solution, 
introduced into the stomach of a dog, can induce an 
extra production of heat extending over several hours. 
The body can therefore still respond to a withdrawal 
of heat by a compensatory production of it. 

Rubner calculated the surface area of animals by the 
formula of Meeh,* published in 1879. This formula 
assumed that the surface was a function of the % 
power of the volume. Since animals contain the same 
materials, weight may be substituted for volume. The 
result thus obtained was multiplied by a constant k 
which expressed the relationship of weight in kilograms 
to surface in square meters for a give n species. For 
man, the formula of Meeh was 12.3^ (body weight).* 
It may be noted here that Dreyer, Ray and Walker ^ 
found that the surface area, blood volume and cross 
sections of the aorta and of the trachea are all propor- 
tional to the % power of the weight. Dreyer later 
concluded that the vital capacity was a simple function 
of the body surface. Moulton * found that the surface 
area was a two third power function of the total body 
nitrogen of beef cattle and, therefore, of the protoplas- 
mic mass. This confirms the conclusion of Carl Voit 
that the mass of the cells and their power to oxidize 
materials determines the height of the metabolism. 
One should remember, however, in this relation the fact 
that in very corpulent people the heat production 
appears proportional to the surface area and not to the 
mass of protoplasm. 

Using Meeh's formula, McCrudden and I,® in 1912, 
found that the basal metabolism of a dwarf was 775 
calories per square meter of surface, and of two dogs 
759 and 784 calories, respectively, results which agree 
within 3 per cent. Comparing these with results 
obtained by Benedict on four men, it was found that 
they produced an average of 789 calories per square 
meter of surface. It was also pointed out that an infant 
5 months old, investigated by Rowland, produced 1,100 
calories per square meter of surface in twenty- four 
hours. This accords with former observations made in 
1899 by Magnus-Levy and Falk.^® 

6. Meeh: Ztschr. f. Biol. 15:425, 1879. 

7. Dreyer, Ray and Walker: Poc. Roy. Soc. Scries B 86:39, 56, 
1912-1913. 

8. Moulton, C. R.: J. Biol. Chem. 24:299 (March) 1916. 

9. McCrudden and Lusk: J. Biol. Chem. 13:450. 1913. 

10. Magnus-Levy: Arch. f. Physiol., Supplement, 1899, p. 388. 
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As early as 1895, Sonden and Tigerstedt ** pointed 
out that the heat production of children during the 
period of adolescence was relatively higher per square 
meter of surface than in the adult. This long-neglected 
scientific information was confirmed by the contribu- 
tions of Murlin and of Ehi Bois, as well as by the 
extensive and valuable studies of Benedict and Talbot, 
About this time it was found that the food prescribed 
by the commonly accepted dietary standards was insuf- 
ficient for the nourishment of children in the regions of 
occupied Belgium and blockaded Germany. 

With the establishment of the calorimeter of the 
Russell Sage Institute of Pathology in Bellevue Hos- 
pital during the winter of 1912-1913, under the active 
control of Du Bois, it became absolutely necessary to 
seek for accurate standards with which to compare the 
heat production in hyperthyroidism, for example, with 
the heat which the patient would presumably have pro- 
duced had he been perfectly well. As there was a lack 
of accurate data, Gephart and Du Bois ^^ investigated 
the heat production of several normal controls, and in 
their preliminary work established the value of 34.7 
calories per square meter of body surface per hour as 
representing the basal metabolism of individuals of 
usual shape when the surface area was calculated by 
the Meeh formula. Although criticism has been made 
that protoplasmic mass is the sole criterion of the 
intensity of metabolism, it appeared beyond the bounds 
of possibility to determine the protoplasmic mass in 
hyperthyroidism, whereas the Meeh formula furnished 
the most ready means then at hand of estimating the 
surface area. Du Bois at that time came to the conclu- 
sion that, although Meeh's formula might not accu- 
rately measure the surface area, at least the heat 
production was proportional to Meeh's formula. 

Finally, E. F. Du Bois actually measured the surface 
area of several individuals, and with his cousin, Dela- 
field Du Bois,*^ worked out a formula from the mea- 
surements obtained. He was thus able to calculate the 
true surface area within an average error of ± 1.5 per 

11. Sondin, K., and Tigerstedt, R.: Skand. Arch. f. Physiol. 6: 1, 
1895. 

12. Gephart. F. C, and Du Bois, E. F.: The Determination of the 
Basal Metabolism of Normal Men and the Effect of Food, Arch. Int. 
Med. 15:835 (May) 1915. 

13. Du Bois, Delafield, and Du Bois, E. F.: The Measurement of 
the Surface Area of Man. Arch. Int. Med. 15:868 (May) 1915. 
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cent, and a maximal variation of ±: 5 per cent. Meeh's 
formula proved to have an average inaccuracy of 16 
per cent, and a maximal variation of 36 per cent., the 
latter being found in the obese. 

The now generally used Du Bois height-weight 
formula for determining the surface area indicated that 
the measure of the basal metabolism was 40 calories 
per square meter per hour in men, and 7 per cent, less 
than this in women. Du Bois claimed an accuracy of 
within zt 10 per cent., but of late others have ascribed 
even a greater degree of accuracy to his method. His 
body surface formula shows that very obese women, 
like the one described by Means as being a "veritable 
pork barrel," conform to Rubner's law that the heat 
production of the basal metabolism is proportional to 
the surface area. 

Following Du Bois, Benedict and Harris published a 
book entitled "Biometric Study of the Basal Metab- 
olism in Man," and gave various tables for the compu- 
tation of the basal metabolism. Using these tables for 
people of early adult life, the calculations by both meth- 
ods yield essentially the same? results. The average 
basal metabolism of three old men, as determined by 
Benedict, was much lower than that found in six old 
men by Aub and Du Bois,^* and this tends to throw 
doubt upon the calculations of the true basal metab- 
olism of old men. It may, however, be added that the 
basal metabolism of Zuntz remained at a constant level 
from the age of 41 to the age of 63. 

Dreyer ^^ has objected to the introduction of the 
standing height as a factor in the calculation of the 
surface area on the ground that it is not a physiologic 
measurement, and he regards the sitting height as a 
more normal expression. He has evolved a formula 
which is based on age and weight alone. He states that 
this formula indicates that basal metabolism is not a 
simple function of body surface. 

However, Dreyer calculates that the deviation 
between observation and calculation for Benedict's 
own series is, in the case of males, 5.27 per cent, by 
his own formula, 5.33 per cent, by Benedict's method, 
and 5.65 per cent, by Du Bois* method of calculation. 
These differences, which amount to only 0.38 per cent. 

14. Aub, J. C, and Du Bois, E. F.: The Basal Metabolism of Old 
Men, Arch. Int. Med. 19:8.M (May) 1917. 

15. Dreyer, G.: Lancet «i289 (Aug. 7) 1920. 
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.at most, do not appear to be so considerable as to mani- 
fest, for one formula over the others, a readily 
distinguishable refinement of procedure. 

Applying Dreyer's formula to the predictable metab- 
olism of the six old men investigated by Du Bois and 
Aub, the average deviation from the metabolism 
actually measured amounts to + 2.2 per cent., whereas 
Benedict's formula shows a discrepancy of + 19.7 per 
cent. This, however, is a detail. The main facts are 
established. The controversy is concerning interpreta- 
tions and theories. 

In a recent publication Benedict ** pens the following 
statement : 

As a result of the critique of the body surface law presented 
by Harris and Benedict, we believe that the accurate measure- 
ments of body surface made possible by Du Bois may legiti- 
mately be used in a manner heretofore never practicable in 
metabolism experiments, provided that they are considered as 
physical measurements and with no erroneous conceptions as 
to the existence of a causal relationship between surface area 
and heat elimination. 

I believe this statement to be somewhat exaggerated. 
I believe that the Du Bois standards for basal metab- 
olism can be relied on, and I also believe that, though 
one may doubt the causal relationship between surface 
area and heat elimination, such doubt will not invalidate 
the arithmetic employed in the calculation. In making 
this statement I recall the words of Carl Voit, uttered 
regarding another matter : 

I maintain this as an incontestable fact. It is of itself so 
important that I question whether it is desirable to add a 
word of explanation. The results of a properly conducted 
and properly appreciated experiment can never be annulled, 
whereas a theory can change with the progress of science. 

The establishment of a predictable basal metabolism 
enabled those working with the Russell Sage calo- 
rimeter to interpret the variations from the normal in 
many diseased conditions and has offered a method 
now widely accepted throughout the world for a closer 
clinical diagnosis of several pathologic conditions. 

16. Benedict and Talbot: Metabolism and Growth from Birth to 
Puberty, Pub. 302, Carnegie Institution of Washington, 1921, p. 159. 

Reprinted from The Journal of the American Medical Association 
July 23, 1921. Vol. 77. pp. 250-252 
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THE PHYSIOLOGICAL EFFECT OF UNDERNUTRITION 

GRAHAM LUSK 

Department of Physiology ^ Cornell University Medical College^ New York City 

Diogenes Laertius states that the philosopher Heraclitus (bom 
about B.C. 435), despairing of mankind, retired to the mountains 
where he lived entirely upon vegetables and herbs, became dropsical, 
and died. In the year A.D. 586, when famine desolated France, a 
similar diet produced edema and death. Gaspard (16), who records 
the above, also describes famine and death in Guadaloupe among 
4000 negroes, who became completely hydropic upon a diet of plants 
and mallow herbs. 

Gaspard also carefully describes the disastrous famine which over- 
whelmed west central France in 1817, and which he personally wit- 
nessed. During the first three months of the year the inhabitants 
lived on potatoes, oat bread, bran and other poor foods. When these 
resources were exhausted the unfortunate people were reduced to 
existing upon the pasture of animals. Materials such as the oyster 
plant, wild sorrel, nettles, the patience dock, chicory, thistles, the 
peelings of tender branches, etc., formed their dietary. This herbage 
was hashed, cooked and thereby reduced to a pulp, as is commonly 
done with spinach and sorrel. Such a diet, when constantly taken, 
always resulted in dropsy of the cellular tissues, without ascites, with- 
out icterus, without organic lesions of the liver or other abdominal 
viscera. Many women stated that their menses ceased. It was later 
found that the nmnber of conceptions during this period was less 
than half the nmnber which occurred during the corresponding months 
of the preceding and following years. The dropsical condition con- 
tinued throughout the entire period of the use of this diet and did not 
disappear until the harvest season restored normal hmnan food. For 
months or even years thereafter some of the individuals exhibited 
swollen abdomens, or edema of the face, of the legs or of the feet. 

Those who were the least vigorous or who had subsisted longest 
on this diet of herbage died on account of it. Sometimes they 
perished of starvation at the roadside. Others died, not of famine, 
but from a kind of indigestion caused by a gluttonous indulgence in 
barley bread when this became available at the time of the new harvest. 
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The siege of Paris (54) from September 19, 1870, to Januaiy 28, 
1871, imprisoned for over 4 months two million French people who 
endured extreme privation. Especially the old people and the children 
perished from want of suitable food, the lower classes undergoing untold 
miseries of hunger and cold. Two months before the end of the siege 
the supplies of milk and meat were practically exhausted. During the 
last 10 days bread was rationed at the rate of 300 grams per day per 
person, with half rations to children under five. The bread contained 
30 per cent of flour. *'The quaUty is horrible, black, heavy, 
miserable stuff, made of flour, oatmeal, peas, beans and rice." Cats, 
dogs and rats were eagerly devoured. The death rate reached 4465 
weekly, or at the rate of 116 per 1000 per annum. Scurvy broke out 
on accoimt of the dominant diet of bread and rice. Delpech (8) states 
that the presence of scurvy was directly traceable to the absence of 
fresh vegetables. In one prison, out of 250 prisoners, 65 had scurvy, 
of whom II died. On January 23, the 127th day of the siege, mobs 
of poor, starving people were in the streets crying "Donnez nous du 
pain." The capitulation of the city followed 5 days later upon the 
complete exhaustion of the food supply. During the 2 weeks following 
the armistice the death rate averaged 4561 per week in contrast with 
1122 per week during the corresponding weeks of the year previous (41). 

The following picture of the onset of undernutrition in Germany 
during the war of 1914-1918, is presented by Rubner (49). The 
blockade was at first inefficient and there was no change from the nor- 
mal food supply until April, 1916. For the winter of 1916-1917 the 
department of food suppUes planned to provide rationed foods in 
amounts which may be contrasted with the quantities actually fur- 
nished, as follows: 



Bread 

Potatoes 

Butter and margarine 

Milk 

Meat 

Eggs (per piece) 

Sugar 

Cereals 

Totals 



ASPLANlfBD 




Amount 


Protein 


Calo- 
ric« 




grama 




271.0 gm. 


17.2 


688 


710.0 gm. 


14.9 


710 


18.0 gm. 




140 


200.0 cc. 


6.8 


111 


70.0 gm. 


10.7 


158 


0.3 


4.2 


53 


32.0 gm. 




125 




53.8 


1985 



AS ACTUALLY PROVIDBD 



Amount 


Protein 




gramt 


271.0 gm. 


17.2 


357.0 gm. 


7.5 


11.4 gm. 




36.0 gm. 


4.5 


0.07 


1.0 


26.0 gm. 




9.8 gm. 


0.9 




31.1 



Calo- 



341 



78 

13 

104 

31 

1344 
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The reduced allowance was not eveiywhere obtainable. In the 
cities only a third of the quantity of meat allowed was distributed, 
and in mid-winter 2.5 kgm. of turnips weekly were substituted for a 
ration of 2 kgm. of potatoes. Additional unrationed foods could 
be purchased at high prices. 

The exclusion of animal foods from the diet made it monotonous, 
and for the many it was no better than the fare of prisoners sixty or 
seventy years before. Garnishings, spices, in short all things which might 
have served to improve the flavor of the food, were lacking. Soups, 
vegetables, and above all, turnips were the dominant note. The 
chief characteristic of this diet was its high water content, due to the 
absence of fat, which was replaced by carbohydrate foods. Such 
foods, with the exception of bread, are largely diluted with water. 
Sugar, which usually serves to concentrate the food value of many 
dishes, was allowed in too small quantities to be of much service. 

Rubner remarks that the first result of an insufficient diet is a de- 
crease in the efficiency of laborers. This is evidenced by the fact 
that fatigue comes on more quickly than usual. Not only is there a 
decrease in the muscular efficiency of paid laborers, but also in people 
living sedentary Uves; the muscular activities which are concerned with 
the normal preservation of health become restricted. The love of 
roaming and of sport is lost, children cease to play, and a person 
avoids as far as possible all bodily exertion. The mood of the 
individual affects the result. Thus one may, by special effort, over- 
come the sensation of fatigue for a certain number of days in order to 
accompUsh a definite result, as does the soldier who advances by 
magnificent forced marches in anticipation of victory. But this 
is a very different matter in comparison with the accomplishment 
of work in the dull, monotonous daily grind of civilian Ufe. During 
the war certain Italian farm laborers, receiving 450 grams of flour 
daily, accompUshed their work. When this ration was cut to 250 
grams they refused to work. 

The same apathy is true as regards mental work. The love of 
accomplishment, the power of performance, the note of personal initia- 
tive are absent, which impulses under ordinary conditions increase 
the assimilation of food and favor muscular energy. As the mind be- 
comes depressed, muscular movements become slow and Ustless. It is 
related that a distinguished mathematician of Leipzig, in order to 
conserve his food requirement, remained in bed most of the day, doing 
his intellectual work while in bed. 
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Rubner estimates that the amount of nourishment which should 
be taken daily by an average adult contains: Calories, 2569; Protein, 
91 grams. The official ration offered, in contrast, only one*half the 
calories and one-third the protein required. Furthermore, bread 
made from wheat milled at 95 per cent extraction showed a loss of 
40 per cent of its nitrogen in the stools, even in strong, healthy men 
accustomed to rough fare. A bread intended for the use of prisoners 
and made of rye, maize, and potato-flour showed a loss of 47.3 per 
cent of its nitrogen in the feces. The mixed diet of peace time showed 
a loss of 10 per cent of nitrogen, while the coarse, vegetarian war 
diet showed that 20 or even 50 per cent of the nitrogen of the diet 
could not be absorbed. 

Life under these conditions, Rubner estimated, caused a reduction 
in body-weight among those of the urban population who were over 
25 years of age from an average weight of 60 kgm. to one of 49, or 
a loss of very nearly 20 per cent. 

The Prussian authorities estimated the increase in the civilian death, 
rate as follows: 



TEAR 


NORMAL «■ 100 


DEATHS ABOVE THE NORMAL RATB 


1913 


100 




1914 


100 




1915 


100 




1916 


114 




1917 


132 


280,000 


1918 


137 


294,000 



On this basis 800,000 deaths were computed as ascribable to the 
blockade and its consequences. The validity of the interpretation 
requires assessment, but it is certain that under-nutrition dimin- 
ished physical and mental power, reduced resistance to disease, and 
also that the e\'ils of the time were furthered by lack of warm cloth- 
ing, lack of coal for heating purposes, and to extreme mental excitement. 

It will be recognized from the above general descriptions of partial 
famine that it is akin to the undernutrition among the poor of large 
cities prior to the war. 

Protein metabolism. The functional activity of living matter is 
primarily due to the arrangement of protein in protoplasm. A wasted 
organism, with diminished muscle tissue, is a characteristic result of 
protein undernutrition. The minimum quantity of protein destruc- 
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tion in the human being is to be found after giving, during a long 
period of time, a diet containing sufficient calories, at least one-third 
of which must be in carbohydrate, preferably in sugar, but which con- 
tains no protein. The urinary nitrogen may thus be reduced to only 
2.2 grams daily or even less. This level of protein metabolism has 
been termed by Rubner the "wear and tear'' quota of protein me- 
taboUsm. More recently he (50) has defined it as being the zero point 
of protein metabolism. 

The "wear and tear" quota includes the protein required for the 
growth of the hair, nails, epidermis and epithelia; it includes the losses 
through the digestive juices and through the wear and tear on all the 
organs of the body, especially the daily destruction of protein involved 
in the demolition of the cellular elements of the blood. It is increased 
in menstruation, pregnancy and lactation, but is imchanged in old age. 

Muscular work is without influence upon this factor. 

Rubner calculates that the "wear and tear" quota of protein metab- 
olism corresponds to 0.044 gram of nitrogen per kilogram of body 
weight daily, or 0.0303 mgm. per minute, an infinitesimal quantity. 
Since a well-nourished man of 70 kgm. contains approximately 2100 
grams of nitrogen, and the wear and tear quota corresponds to about 

3 grams of nitrogen daily, one may estimate an inevitable daily loss 
of 0.14 per cent of the total body protein, unless food protein is fur- 
nished with which to repair the machine, to replace the worn-out parts. 

Rubner states that imder certain conditions a diet containing only 

4 grams of protein nitrogen will protect the body from losing protein 
nitrogen, consequently 1 gram protein may protect 525 grams of body 
protein from loss of substance. However, should the protein in the 
diet contain only 3 grams of nitrogen, then on the first day of the diet 
1 gram of body protein N would be lost; thereafter the nitrogen loss 
would be constantly less until finally equiUbrium would be reached with 
3 grams. Assuming the mean loss during this period to have been 0.5 
gram of nitrogen daily and the total loss 525 grams, it is obvious that 
it would require 1050 days or nearly 3 years to deplete the body of a 
quarter of its protein store. Biologically the nitrogen minimum is a 
protective mechanism of the cells against their destruction. This is 
an important theoretical conception of Rubner 's clear-visioned, 
scientific mind. 

To accomplish nitrogen equiUbrium at a low level of nitrogen intake 
it is necessary to provide protein of a chemical composition similar to 
that of the protoplasm which is being disintegrated. It is in this 
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particular that a dietary may lamentably fail. For this reason meat 
and more especially milk are sought. Rubner, in a personal letter to 
me, states that the decline in the health of the German people was 
coincident with the falling off of the milk supply (see p. 547). During 
(11) has written of the importance of the milk question in Austria. 
He makes the striking statement that the milk supply of Germany in 
normal times had nearly twice the monetary value of the output of 
all the German mines, inclusive of coal. 

The loss of body protein. A characteristic of undernutrition is a pro- 
longed loss of body nitrogen when the caloric content of the food is 
insuflScient to cover the needs of the individual. This was first indicated 
by the work of Landergren (35). 

Of striking interest and importance in this connection is the work of 
Jansen (27) upon normal and healthy medical students occupied in 
the Munich medical cUnic of Friedrich Miiller. Fifteen such indivi- 
duals were given the oflBcial food ration containing 1600 calories and 
60.6 grams of protein (9.7 grams of N). Nitrogen balance experi- 
ments were carried out upon them for between 6 and 31 days during 
March, 1917. Prior to the experiments the men had been for some 
time on short rations, especially as regards the protein element. The 
average loss in weight since the beginning of the war had been about 
6 kgm. The average weight of the subjects was 62 kgm. While 
partaking of the above dietary the men lost weight daily and also 
about 2 grams of body nitrogen. This loss could be attributed to a 
deficiency of calories in the diet, for the addition to the diet of 500 
calories in the form of milk-sugar resulted in the maintenance of body 
weight as well as of nitrogen equilibrimn. Also, withdrawal of 900 
calories in the form of carbohydrate from the oflBcial ration produced 
an even greater loss of body protein than when 1600 calories were given. 
These relations are shown on the following page. 

Benedict (4) and his co-workers independently made the same dis- 
covery. Benedict selected a number of healthy young men inclined 
to athletic prowess, some of them over-weight for their height, and set 
about to reduce their weights about 10 per cent. The kind of food 
taken was an average mixed diet but in lesser quantity than was taken 
by other men not on the "diet squads." A typical diet suflBcient for 
the maintenance of body weight contained 2559 gross calories and 12.85 
grams of nitrogen. A typical day's ration on the reduced diet con- 
tained 1555 gross calories and 8.78 grams of nitrogen, of which 3.27 
grams were of animal origin. 
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Influence of the official ration of Munich, March, 1917, upon the protein metabo- 
lism of medical students 





▲OB 


»x 


WBIOHT 


DAILY 

CHANGE IN 

WBIOHT 


FOOD 


NiN 
T7BINE 


N BALANOB 




Calories 


N 










kfftn. , 


Qramt 




ffram9 


grama 




1 


32 


M 


57.6 1 


-250 
+ 


1632 
2105* 


9.72 
9.74 


11.97 
10.29 


-2.25 
-0.56 


4 


23 


M 


67.0 1 


-250 
+200 


1630 
2027* 


9.61 
9.54 


11.74 
9.75 


-2.13 
-0.21 


12 


21 


M 


63.5 1 


-350 
+280 


1616 
,2107* 


9.89 
9.65 


12.63 
9.79 


-2.74 
-0.14 


5 


22 


M 


64.6 1 


-400 
-200 


1624 
730t 


9.72 
10.59 


11.29 
14.74 


-1.58 
-4.15 


9 


22 


F 


61.3/ 


-500 
-350 


1630 
736t 


9.61 
10.59 


11.81 
13.77 


-2.20 
-3.19 


10 


25 


F 


60.4 { 


-380 
-420 


1630 

735t 


9.61 
10.59 


9.93 
13.41 


-0.33 
-2.81 



* Plus 500 calories in milk-sugar, 
t Minus 900 carbohydrate calories. 

Twelve men (squad B) partook during one week of a diet containing 
1534 gross calories, daily eliminated 115 in the feces, 84 in the urine, 
and therefore utilized 1336 calories, or 87 per cent of the gross energy 
ingested. They took 8.21 grams of nitrogen, of which 0.89 gram 
appeared in the feces, leaving 7.32 grams or 89 per cent for other dis- 
tribution. The protein of the diet was therefore normally digested. 

During a period of 3 weeks the twelve men (squad B) partook of 
food which yielded 1375 utilizable calories and contained 8.19 grams 
of nitrogen daily. The nitrogen of the urine and feces averaged 11.29 
grams per person. Hence, protein containing 3.10 grams of nitrogen, 
or approximately that present in 100 grams of lean meat, was lost daily 
from the bodies of these persons during the period of this low caloric 
intake. This would amount to a loss of about 2.1 kgm. of such pro- 
tein-containing tissue in 3 weeks. The average loss in weight, how- 
ever, was 4.4 kgm. or 6.5 per cent of the original body weights. If 
one calculates that a kilogram of body weight contains 30 grams of 
nitrogen, then 67.9 kgm., the average original weight, contained 2037 
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grams. If of this 65 grams were lost from the body, the loss of body 
nitrogen would have been only 3.2 per cent of the total original quantity 
present. The body weight had fallen much more rapidly, indicating a 
removal of fat and water content from these heretofore well-nourished 
individuals. 

Another group of individuals (squad A) underwent a more prolonged 
and a greater reduction. During 4 months the greatest average loss 
of body weight in five individuals amounted to 11.2 per cent and, 
according to the principle enunciated above, it may be calculated 
that these five individuals, whose loss of body nitrogen was determined 
dining 86 days, averaged 166 grams each or 8.1 per cent of their original 
nitrogen content. This calculation is imperfect on accoimt of lack 
of dietary control on Simdays and during the Thanksgiving and Christ- 
mas holidays when protein could have been added to the body. 

It has long been known that in the last stages of fasting an animal, 
having exhausted its stores of fat, may subsist upon its previously 
well-protected protein supply. Conditions analogous to these are 
reported by Loewy (58) in experiments upon himself. Weighing 64 
kgm. in 1914, he lost 12.75 kgm. during 3 years of war or 20 per cent. 
When taking a diet of 1500 to 1800 calories, containing 7 to 8 grams of 
absorbable nitrogen, his urine contained on successive days 12.6, 15.6, 
12.5, 15.1, 17.0, 16.5 grams. The great waste of body protein of which 
this was the proof and the physical and mental depression the portent, 
was entirely stopped by the addition of 200 grams of butter fat to the 
daily ration. Body protein had been attacked in the absence of any 
other available source of energy. 

Retention of protein. An organism which has been depleted of its 
protein shows a great avidity for protein deposition when occasion 
offers. This was long ago shown by Rubner for the dog. Kestner 
(29) reports results obtained by adding 100 to 120 grams of meat 
to a hospital diet administered to patients who had suffered from 
extreme protein hunger. The following example may be cited: 
Patient J; weight 51 kgm.; slightly nervous female; of ruddy appearance. 



Hospital diet (average of 4 days) . . . 
Hospital diet + 100 to 120 grams meat 
(average of 3 days) 



N IN DIBT 



8.0 
13.2 



URINB N 



4.5 
4.25 



rscBsN 



2.2 
2.2 



ft* BODT N 



+1.3 
+5.75 



In this case the whole of the protein of the meat was deposited in the 
depleted cells of the body. 
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Kohn (32) reports that a woman laboratory helper weighing 47 
kgm., who suffered from chronic imdemutrition in its most severe 
form, partook on one day of a diet containing 826 calories and 1.04 
grams of nitrogen, and the loss of body nitrogen amounted to 2.57 
grams. The addition of a bit of cheese, which raised the nitrogen of the 
diet to 5.23 grams, caused a gain to the body of nitrogen amounting to 
1.97 grams on the day following. The animal protein of the cheese 
not only prevented a loss of 2.57 grams of body nitrogen, but was also 
sufficient to be seized upon for constructive purposes by the famished 
cells of the organism. 

The urine of the undernourished patient of Kohn showed no ab- 
normalities in the relative distribution of nitrogenous constituents (33). 

Ftirth (15) finds, however, that the presence of a gram of nitrogen 
in the urine of people suffering from chronic undernutrition is accom- 
panied by a relatively high caloric value of the dried solids of such 

Calories 
urine. The caloric quotient . -^r — was between 9 to 13.3. Since 

this quotient for urea is 5.42, for uric acid 8.22, for creatinin 11.40, 
Ftirth infers the increased presence in the urine of oxyproteic acids 
(quotient 38.0) and hippuric acid (quotient 72.4). 

Oxyproteic acid is a characteristic urinary constituent when body 
tissue is being destroyed, and hippuric acid occurs when benzoic acid 
compoimds are present, as in a predominantly vegetarian diet. 

Von Hoesslin (22) shows the very great and continued capacity of 
an extremely imdemourished person to appropriate food protein for 
the development of body tissue. An adequate quantity of food pro- 
tein is desirable for this purpose, as well as an adequate intake of 
calories. The following table represents the results obtained upon a 
person during a period of four weeks. Values are given for 24-hour 
periods: 





POOD INTAKS PER DAT 


BXCRXTA N 
PXR DAT 


N TO BODT 




Protein 


Calories 


N 


PBB DAT 


First week 


^raifM 
62 
67 
92 
98 


1744 
2529 
1928 
2161 


Oram* 

10.1 

9.1 

14.8 

15.6 


gramt 
7.8 
6.6 

8.3 

8.9 


gramt 

+2.3 


Second week 


+2.5 
+6.5 


Third week 


Fourth week 


+6.7 





This represents an addition of 124 grams of nitrogen to the body in 
4 weeks. 
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The avidity with which tissues depleted of protein appropiate new 
protein for constructive purposes has been frequently observed after 
wasting disease, and a kindred property is also possessed by the tissues 
of growing infants. 

The energy metabolism. The dietary prescribed by Carl Voit for an 
average laboring man contained about 3000 available calories. During 
the war the English came to the conclusion that the requirement of the 
average adult man was 3000 utilizable calories. Allowing for loss 
through transportation, marketing and spoilage, 3300 calories were 
estimated as the basis for the calculation of necessary national supplies. 
These figures were adopted as standard by the Interallied Scientific 
Food Commission, which also fixed the following relative food values 
when estimating the needs of a family: 

Man 1.00 Child 10-13 years 0.83 

Woman 0.83 Child 6-M) years 0.60 

Boys over 13 years 1.00 Child under 6 years 0.50 

Girls over 13 years 0.83 

A recent (1921) study of the diets of the working classes of Vienna 
by Gibbon and Ferguson (17) shows that the average dietary contains 
only 2064 calories "per man" per day instead of the necessary 3000. 

Forty-nine famiUes were investigated. The lowest energy value 
was 1269 calories. The fat was taken mostly in the form of margarine. 
ReUef agencies contributed about 500 calories, or about one-fourth of 
the daily intake. Children between 2 and 3 years of age were 26.6 
per cent under normal average weight and 13.6 per cent under the 
average normal height. Rickets was found in 29 famiUes the caloric 
intake of which averaged 1885 calories "per man" per day, but was 
absent in 20 famiUes which partook on the average of 2325 calories 
"per man." The writers observe, "It is hopeless to expect from a 
population on such diets the initiative and vigor by which alone the 
country can be saved from ruin." 

Among German farmers 0. Blum (7) found no reduction in body 
weight during the first 3 years of the war, for they received 3200 
calories and 101 grams of protein. The men workers in a small town, 
on the contrary, lost 12 per cent in weight and the women workers 
7 per cent, their dietaries having fallen to 2200 calories with a protein 
content of 54 to 75 grams. This work is confirmed by Loewy and 
Brahm (36) who showed that at a time when the poor in the cities 
were receiving 25 to 50 grams of protein and 1400 to 1800 calories and 
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were losing weight and body protein, country people were doing well 
upon a diet of bread and potatoes with small amounts of meat, milk 
and cheese, containing in all 3500 calories and 100 grams of protein. 
They state that their findings prove that their peace-time conclusions 
regarding the quantities of food required for human nutrition were 
correct. 
Friedrich Muller, commenting upon this situation writes: 

Naively thinking man eats food without mental consideration, still less with- 
out giving ear to the current nutrition doctrines of Liebig, or Hindhede, or Ragnar 
Berg, but rather like a wild animal he follows his instinct until he is fully satisfied. 
He considers himself wrongly dealt with when he is prevented from doing this. 
It is therefore natural that the self -provider should take care of himself first, of 
his children, his relatives, his servants, and his cattle, and that he should anxiously 
hoard for the future In times of need the struggle for existence takes incon- 
siderate forms, the interest of individuals clash, and hand in hand with these 
conditions the moral sense and the sense of right and wrong are lowered. 

Most of the food diflBiculties of Germany occurred in middle-class 
families, such as teachers, business people and pensioners who could 
not demand and receive the enormous pay of common laborers. 

In Gterman institutions such as prisons, prison camps and insane 
asylums, the conditions were worse than among those who were free 
to struggle to obtain foods in excess of the official rations. In such 
institutions reductions of 20, 30 and even 46 per cent of the original 
weight were observed as the result of continued restriction to the 
official ration, which was inadequate for the maintenance of body 
weight (42). One reix>rt ran '*The inmates are all dead." 

The effect of emaciaUon upon the energy metabolism, Magnus-Levy 
(39) first pointed out the great reduction in the heat production which 
takes place as the accompaniment of emaciation. The results may 
be briefly recorded in the following table: 



Extreme emaciation 

Emaciation 

Rehabilitation 



WEIGHT 


METABO- 
LISM 24 
HOCR8 


CALORIES PER 

BQCARB METER 

PER HOUR 

(DU B018 

HEIGHT- 

WEIGHT 

formula) 


REMARU 


kgm. 

36.2 
38.0 
62.2 


calories 

835 
1077 
1486 


26.6 
33.0 
40.6 


Low diet 
Liberal diet 
Liberal diet 



It is evident that the reduction of the weight of a man by 30 per 
cent may lead to a reduction in his requirement of energy by 44 per cent, 
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a factor of conservation. Allen and Du Bois (1) commented on this 
fall in metabolism as affecting individuals who are imder weight, for 
they found that twenty "normal controls/' selected by Benedict and 
Joslin (3) for comparison with diabetic patients, proved to have an 
average metaboUsm which was 8.6 per cent less per square meter of 
body surface than the general average among normally nourished 
individuals. Allen and Du Bois also noted the great reduction of 
heat production in diabetic patients fasted in accordance with the 
Allen program of treatment. In Geyelin's diabetic patient, C. K., 
the original body weight was 74.1 kgm. before the onset of the disease. 
Calculated on the normal Du Bois standard for hmnan nutrition of 40 
calories per square meter of body surface per hour, his basal metabo- 
lism would have been 1920 calories daily. After having been the 
subject of severe diabetes and prolonged undernutrition this individual, 
when he again oxidized glucose, manifested a basal metabolism of 
only 1032 calories daily; or 25.4 calories per square meter of body 
surface per hour. The reduction in body weight had been 43 per 
cent and in total heat production 46 per cent below the original normal 
level. 

Next in historical sequence come the important experiments of 
Zimtz and Loewy (57), (58) who for many years had been masters in 
the craft of metabolism workers. The metaboUsm records of Zuntz 
cover a period of 29 years and may be thus epitomized: 

Metabolism of Zuntz 



TBAB 


AGS 


WEIGHT 


Oj cc. per 

MINUTE 


CALORIES PER 
SQUARE METER 
(MEEH) per DAT 






kom. 






1888 


41 


65.2 


236 


804 


1901 


54 


67.6 


231 


780 


1903 


66 


67.6 


228 


773 


1910 


63 


68.5 


235 


792 


1916 


69 


60.6 


198 


709 


1917 


70 


59.4 


198 


723 



There was no influence of age upon the heat production up to the 
sixty-third year of Zuntz 's life. Zuntz at the age of 65 was able to 
sit up all night and personally supervise a metaboUsm experiment 
which lasted 24 hours. He was then still physically young. Be- 
tween 1888 and 1910 the metabolism of Zuntz had varied between 16.4 
and 17.3 small calories per minute and kilogram of body weight. The 
reduction in body weight due to the undernutrition of the war not only 
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reduced the heat production per square meter of body surface but 
also the calories produced per kilogram and minute fell to 15.65 in 

1916 and 15.9 in 1917. 

The experiments upon Loewy tell in part the same story. The 
necessitous times reduced his body weight from 65 kgm. in 1914 to 
57 kgm. in 1916, a loss of 12 per cent. Whereas before the war he 
produced 726 calories per square" meter of body surface and a total 
of 1429 calories daily, or 22.9 calories per kilogram per day, in 1916 the 
requirements of his basal metaboUsm were 631 calories per square 
meter, a total of 1169 calories or 20.5 calories per kilogram. But in 

1917 Loewy 's weight had fallen to 51 kgm., a total loss of body weight 
amoimting to 22 per cent since the beginning of the war. In July, 
1917, the urinary nitrogen excretion had risen to 17 grams when there 
were only 7 to 8 grams of protein nitrogen and between 1500 to 1800 
calories in the dietary (see p. 530). A higher energy metabolism was 
the result of the higher protein metaboUsm, as is always to be antici- 
pated under such conditions. The emaciated body of Loewy under the 
circumstances produced on July 23, 1917, as its basal metabolism, 758 
calories per square meter of surface (Meeh), 25.6 calories per kilogram, 
and a total of 1307 calories for the day. Zuntz and Loewy compare 
this result with the finding Zuntz (56) had previously made upon an 
imdemourished dog the energy requirement of which was increased 
during the later stages of undernutrition, as appears from the following: 





WBIOBT 


0ALORIS8 PBR 
SQUARE MKTBB 


Start 


horn. • 
10.0 
4.98 
4.1 


931 


Eleventh month 


631 


Twelfth month 


921 







Presumably, toward the end the body fat failed to supply the requi- 
site energy, and body protein was the sole remaining resource to make 
up the deficit of energy in the dietary. 

It is to be hoped that an experiment Uke that upon Loewy will not 
be repeated in the near future, but though it stands by itself, it must 
be accepted as representing one of the probable contingencies in ex- 
treme emaciation. 

The work of Benedict (4) and his associates concerned itself with 
determining the basal metabolism of the healthy young men whose 
weight was being reduced by administering a diet containing some good 
animal protein, but decidedly deficient in caloric value (see p. 528). 
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The results upon the eleven young men composing squad A may be 
thus summarized: 





DURING 
NORMAL 
DIET (3000 

calories) 

september 

29-30 


END OF 
PERIOD 
WITH RE- 
DUCED DIET 
JANUARI 

20-27 


PER CENT 
REDUCTION 


Basal metabolism in calories (Table 128) 


1686.0 

25.2 

940.0 

67.0 


1367.0 

22.3 

788.0 

61.3 


19.0 


Calories per kilogram (Table 132) 


11.5 


Calories per square meter body surface 

Body weight in kilograms* 


16.2 
8.5 







^Calculated from above data. 

During the period of reduction the diets usually contained 2000 and 
later 1500 available calories. The Sunday and holiday periods were 
uncontrolled. 

Of greater import is the result of the sudden reduction in the dietary 
of squad B. An intake of food stated to have contained 4000 calories 
daily per man was reduced to one containing 1375 net available calories 
per man per day, and this lowered dietary was continued for a period 
of 3 weeks. 

While partaking of the normal diet squad B on four different occa- 
sions showed measurements of basal metaboUsm amounting to 40.5, 
40.7, 40.3 and 39.6 calories hourly per square meter of body surface 
(Du Bois formula). The last and most important determination upon 
this diet showed a value of only 36.8 calories. Benedict writes of this 
determination, "The possible factors of fatigue and depth of sleep 
thus entered into this experiment as in no other one in this series." 

If one be permitted to assume that the true normal basal values for 
these men are averages of the two determinations 40.3 and 39.6 calories 
per square meter, and 1.08 and 1.06 calories per kilogram of body 
weight, then one may perhaps be allowed the liberty of rearranging 
Benedict's table 34 and add to it the analysis presented on page 529 
of this review. Such a rearrangement gives the following information: 



Basal metabolism in calories 

Calories per kilogram 

Calories per square meter body surface 

Body weight in kilograms 

Body nitrogen in grams 



DURING 

NORMAL 

DIET 


END or 

PERIOD or 

1375 

CAXX>RIBS 


1745.0 

25.7 

872.0 

67.9 

2037.0 


1293.0 

20.4 

647.0 

63.4 

1972.0 



PER CENT 
REDUCTION 



32.0 

20.0 

27.0 

6.5 

3.2 
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This table shows that the loss of a paltiy 65 grams of body nitrogen 
bears no relationship to the enormous reduction in basal metabolism 
which follows the ingestion of a diet containing an inadequate content 
of calories. So not only is there a mechanism of nitrogen minimum, 
protecting life from destruction (see p. 527), but here also appears 
a biological adaptation to a lowered energy intake, preventing the 
exhaustion of the reserve of body fat. 

One can compare the results obtained here with the results calculated 
by Lusk (37) regarding the man who fasted 31 dayB in Benedict's 
laboratory: 





BENEDICT'S 
rASTIMOltAN 


BQUADB 


Percentage reduction in basal metabolism 


29 

277 

16 


32 


Loss of body nitrogen, gn^^^ii^ 


65 


Percentaire loss of bodv nitroeen 


3 







It is quite extraordinary that the ingestion of a dietary deficient in 
calories, extending over 3 weeks, should bring down the basal metabo- 
lism of well-nourished young men to the same extent as fasting 
might have been expected to accomplish. A minimal metaboUc rate, 
which is two-thirds that of the normal basal metabolism, seems to be 
easy to establish and affords another of those striking " factors of safety " 
of which Meltzer has so cogently written. Whether the reduction be 
due to a disturbance in the glands of internal secretion, to a diminished 
secretion of th3rroxin in the absence of adequate protein and calories 
in the diet, for example, is a field for speculation and investigation. 

The effects of a normal diet after undernutrition. No satisfactory 
experiments regarding the effect of a sufl&cient diet following one 
which induced undernutrition have ever been recorded in man. 



Basal metabolism, normal nutrition 

Fifteenth fasting day 

Second day of food containing 14.3 cals. per hour. 
Day after food containing 28.6 cals. per hour. . . . 
After 8 days of food containing 28.6 calories per 
hour 



WBIOBT 


CALORIES 
PBR BOITB 


ham- 
9.25 


15.5 


7.45 


13.0 


7.6 


12.6 


7.9 


13.0 


8.0 


13.9 



». Q. 



0.80 
0.73 
0.80 
0.93 
0.88 



Anderson and Lusk (2) made the above observations upon the 
influence of a normal maintenance diet upon the basal metabolism of 
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a dog before and after fasting. The food was given at one time 18 
hours before the metabolism was determined. 

Evidently the condition of the body and not a large influx of food on 
the day previous determines the height of the basal metabolism. 

The proditction of mechanical tvork during undemuiritum. There is no 
doubt that the well-nourished individual feels a zest for his work, while 
the under-nourished tries to avoid all work. Walking gives no pleasure 
to an imderfed seamstress nor golf to a half-starved professor. 

Important results have been obtained experimentally by Jansen 
(27) upon men who accomplished heavy work when partaking of an 
insufficient diet. Three subjects abstained from muscular work for 
3 days and then they walked together over level ground distances of 
18, 20, and 25 kilometers (11, 12.5, 16 miles) on 3 successive days. This 
was accomplished in a driving snowstorm, while underfoot there was 
mud and melting snow, so that tramping was exceptionally difficult 
and wearisome. The diet remained the same throughout the experi- 
ment and contained 60 grams of protein and 1628 calories, the official 
Munich ration of the time (see p. 528). The labor of making such a 
walk would not have been great under ordinary circumstances, and 
yet the subjects returned home each day over-fatigued and exhausted. 
Each of the subjects on one occasion, was forced to come home by tram- 
car during the return journey, so great was the fatigue experienced. 
One of them (Ebert) on his return home fell into a state of prostration 
through weakness. The skin was pallid, respiration shallow and 
quickened, pulse small and slow, temperature subnormal, profuse 
sweating from the whole body surface; there was no acetone in the 
urine. Another of the subjects gave indications of the same symptoms 
on the second day. Apathy and psychic depression were present in 
all three men during the evenings of these days of exertion. The 
experiments present two different findings as far as protein metabolism 
is concerned. In one person the protein metabolism was not increased 
as the result of muscular work. In the other two persons the habitual 
nitrogen deficit increased about one gram daily above the deficit in- 
duced by the low caloric diet. This corresponds to an increase of 
about 10 per cent in the total protein metabolism. These results 
may thus be summarized in the accompanying table. 

The average weight of the three men at the time was 57 kgm. A 
complete explanation of the increase in protein metabolism due to 
work is not possible. 
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SUBJBCT 


PKBIOD 


rooD 


BXCBVTA N 


BODT N 




Calories 


N 








Rest 


1630 
1628 

1630 
1628 

1630 
1628 


9.61 
9.54 

9.61 
9.54 

9.61 
9.54 


11.83 
12.70 

11.55 
10.76 

10.81 
11.78 


-2.22 


Ebert 


Work 


—3.16 




Di£fereDce 


—0 94 




Rest 


-1.94 


Leg^ne 


Work 


-1.22 


Difference 


+0.72 
-1.19 


[ 


Rest 


Beholz \ 


Work 


-2.22 




Difference 


—1.03 


V 







Two of the men were subjected to respiration experiments 12 hours 
after the second and third days of walking. These experiments had 
to be carried out at so late an interval because the persons concerned 
were too exhausted inamediately after their walks to be satisfactory 
subjects for experimentation. The experiments yielded surprising 
results, both as regards the duration of the after-effects of the exercise 
and the height of the metabolism. For example, the average increase 
in the basal metabolism of Leg^ne was found to be 50 per cent above 
the normal, or an increase from 1440 calories to 2160 for 24 hours. High 
respiratory quotients were noted, the average being about unity. 
Jansen states that the explanation of this high quotient lay in the 
irritable condition of the subject. The subjects, who had formerly 
jrielded themselves freely to this form of experimentation, no longer 
had either the will power or the physical energy requisite for accom- 
plishing an exact experiment and fell into a state of excitement which 
was manifested by the increased respiratory movements. The ventila- 
tion of the lungs was abnormally increased. This would lead to an 
"Auspumpimg" of carbonic acid from the blood which would explain 
the high respiratory quotient. There must have been stimuli, perhaps 
orgam'c acids, circulating in the blood, which acted to stimulate the 
respiratory center. 

This clear-cut presentation of disaster following severe labor during 
undernutrition was presented by Gowland Hopkins to Chittenden 
and me at a private meeting held in the rooms of the Royal Society 
in London, March, 1918,- as an unanswerable argument against the 
reduction of the importation of bread for the people of the United 
Kingdom. 
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Iltzhofer (25) explains the great increase in pulmonary ventilation 
following muscular exertion when taking a low diet containing 1630 
calories as being due to an increased susceptibility of the respiratory 
center to hydrogen ions. 

Iltzhofer (26) has recently published the details of the respiration 
experiments upon the medical students investigated by Jansen, and 
shows that another person, when partaking of a normal diet in 1918, 
gave no indication of increased metabolism following the accomplish- 
ment of mechanical work similar in amount to that done by the medical 
students. An interesting point is brought out by Loewy (58), who 
found that in his exhausted condition induced by undernutrition (see 
p. 530), there was an increased production of calories in his body for 
accomplishing a unit of mechanical work when he walked on a moving 
platform set at an incline of 22 per cent. For example, in one experi- 
ment, after 9 minutes of climbing, 6.5 calories were required to raise 
1 kgm. of his body weight 1 meter high, whereas after 35 minutes, 8.6 
calories were required to do the same amount of work, an increase of 
32 per cent. No similar increase would have been observed in a 
normally nourished individual. Loewy, who was 57 years old, remarks: 
" It is not astonishing that an older man, exhausted by undernutrition, 
should quickly experience an increase in metabolism per unit of muscle 
work. It is the expression of diminished muscle power or of previous 
overexertion. " 

It is evident from these experiments that the human body has no 
means of economizing energy for the production of work when work 
is done after emaciation and during undernutrition. 

In the case of squad B, investigated by Benedict, the individual men 
were caused to walk on a treadmill at the rate of 2.6 miles per hour 
before and after their reduction in weight by a diet of 1375 calories 
daily. The increase in metabolism involved in moving one kilogram 
of body weight in a horizontal direction was tested. The results 
were very variable. Of eleven subjects tested after the 3 week period 
of undernutrition, four showed an increase in metabolism per horizontal 
kilogranmieter of body movement, one no change, and six a decrease 
from the level found when the men were living on a normal diet. 
Averaging the wfiole material, Benedict finds that the men after re- 
duction can propel a kilogram of body weight one meter horizontally 
at an average expenditure of energy which is less by 6 per cent than 
was necessary to effect the same amount of work in the state of normal 
nutrition. 
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This does not accord with the results obtained by Joffe, Poulton 
and Ryffel (28), who compared the efl&ciency of an under-nourished 
individual, the basal metabolism of whom was only 26.6 calories per 
square meter of body surface per hour (Du Bois formula) instead of the 
normal of 40 calories, with the efl&ciency of a normally nourished per- 
son. The individuals walked at rates varying between 3 to 5 miles 
an hour. It was concluded that when the individual is not fatigued, 
prolonged undernutrition causes no alteration in the efl&ciency with 
which musular work is carried out. The energy equivalent necessary 
to propel 1 kgm. 1 meter horizontally is the same in the state of under- 
nutrition as in the state of normal nutrition. This accords with the 
experiments of Anderson and Lusk on the dog (see p. 542) 

No experiments have been made to test the capacity of endurance 
in such men as Benedict investigated. It would be interesting to have 
men ride stationary bicycle ergometers imtil they were exhausted, a, 
before reduction, 6, after reduction on an insufl&cient diet, c, after 
reduction on a sufl&cient diet. 

The general physical reaction of the men to undernutrition Benedict 
described as follows: 

1. FeeUngs of general weakness and tiredness, a condition commonly 
expressed in college slang as lack of "pep" or drive, when it seemed to 
require more energy to accomplish a given amount of work and it 
was necessaiy to urge one's self harder. 

2. Weakness of the legs and accompanying unpleasant sensations of 
fatigue, particularly in stair-climbing. 

3. Subnormal gymnasium and athletic performance, as shown by 
inability to continue the rapid calisthenics or to do the heavy apparatus 
work for the prescribed time and with the usual subjective satisfaction 
and generally to produce effectively sudden bursts of energy. 

I have been informed by one who was a constant and expert witness 
of the gjrmnasium performances of these men that they could be readily 
differentiated from their fellows by their distinct lack of physical power. 
After the restricted diet the men ate food in enormous quantities and 
rapidly regained their original weights. No experiments upon their 
physical power immediately upon return to an adequate diet were 
made. It would be very important to determine if, given adequate 
food fuel to sustain prolonged muscular effort, men who had been 
moderately reduced in weight as were these subjects of Benedict would 
not have been equally powerful physically after reduction as they 
had been prior to the period of imdernutrition. Rubner (49), however. 
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aflSrms that an increase in efficiency after imdemutrition is to be 
observed only in those who were formerly over weight. 

In work upon a dog Anderson and Lusk (2) found that the quantity 
of energy required to accomplish a given amount of work was the same 
whether the dog was in the best nutritive condition or had lost 20 per 
cent in weight after 13 days of fasting. The dog moved horizontally 
on a treadmill at the rate of 3 miles (4800 meters) per hour, and when 
well nourished accomplished this work at the expense of an extra energy 
production of 0.580 kilogrammeter per kilogram of body weight trans- 
ported 1 meter, whereas after 13 days of fasting an energy equivalent 
of 0.584 kilogrammeter was required to accomplish the same imit 
of work. By reduction of the body weight, therefore, it was con- 
cluded that one may economize in the quantity of basal metabolism, one 
may economize in the quantity of food fuel required to move the lesser 
body weight, but if a given amount of work is to be done it can be 
accomplished only at the expense of a definite quantity of energy, 
irrespective of the body weight. The very constant results obtained 
with this well-trained dog are in marked contrast with the extremely 
varying results obtained subsequently by Benedict (see p. 540) upon men 
before and after reduction of their body weights, but they are in 
agreement with the findings of Joflfe, Poulton and Ryffel. It should 
be remembered that dogs are often fasted for several days before they 
are nm in a hunt, without any evident decrease in their muscular power. 

Anatomical changes wiihvii the body. It has been noted by German 
authorities (50) that the loss of body fat causes a considerable dis- 
placement of the anatomical position of various organs of the body. In 
many a loss of subserous and mesenteric fat produced conditions in 
which the stomach and intestines were not as firmly held in position 
as formerly. A greater displacement of the heart and a ptosis of the 
stomach, intestines, kidney, uterus and vagina were observed. Cases 
of rupture and intestinal obstruction were conmionly reported (9). 
Accompanying the general atrophy in human beings caused by inani- 
tion Kreger (34) describes a great diminution in the weight of the 
spleen, Uver, pancreas, heart, testis, thyroid and kidney, while the 
brain and adrenal lose little or no weight. 

Chemical changes within the body. When body fat is oxidized it is often 
replaced in the body by the addition of water, as has been shown by 
Grafe (18) in cases of obesity. Schirmer (52) finds that the fatty 
tissue of lean people is richer in water and connective tissue than is 
that of fat people. The muscles of thin people also contain more water 
than do those of fat people. 
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Schirmer likewise finds that the fat derived from the muscles of 
corpulent people has a higher iodine number and inferentially contains 
more oleic acid than does the fat found in the muscles of thin people. 

The chemical composition of the protein composmg the muscle of 
a dog appears to be independent of diet, whether rice or meat be fed, 
or of the nutritive condition of the animal. Diesselhorst (10) found 
in one dog that a sample of the dog's muscle showed that the C : N 
ratio of the protein content (what remains after extracting with water 
and ether) was 1 : 3.188 during fasting and 3.185 after taking a mixed 
diet. One would hardly expect that the chemical constitution of 
living protein would change in its essential constitution, only that its 
quantity in the cell might vary. 

The influence of external cold. All authorities are united in the 
belief that the undernourished organism is far more suceptible to the 
sensation of cold than is the well-nourished. Protein, the most costly 
of the food-stufifs, causes a specific stimulus which increases the heat 
production, and carbohydrate and fat, when absorbed in excess of 
the immediate requirements of the body, both cause an additional 
heat production. In the well-nourished body these factors are protec- 
tive against the sensation of cold. In the undernourished body, not 
only is the heat production reduced per kilogram and per square 
meter of surface, but the lack of protein and of an excess of calories in 
the food supply reduces to a minimum the extra production of heat 
following the ingestion of food. The body would then naturally re- 
act to conserve its heat resources by vasoconstriction of the superficial 
arterioles, which would leave the skin cold and therefore the temper- 
ature receiving sense organs especially sensitive to cold. 

It is quite probable, though not definitely ascertained, that the pheno- 
menon of increased heat production in the presence of cold (the chemi- 
cal regulation of body temperature) would be accentuated in the pre- 
sence of undernutrition, thereby becoming an important element in 
the reduction of the quantity of available body fat. The outcast who 
has suffered from himger and cold is not in fit condition to saw wood. 

The heart and circulation. Undernutrition reduces the number of 
heart beats per minute. Rubner (50) states that in the emaciated 
there is a slowing of the heart rate to 60, 50 or even to 40 per minute. 
The work to be accomplished by the circulation is certainly not as 
great as formerly. Determan (9) concludes that this reduction of the 
burden upon the heart and the blood vessels must be beneficial in 
heart disease and especially in arteriosclerosis. 
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In an elaborate study by Benedict and his associates of the pulse 
rate of men who had been reduced by partaking of a diet containing 
1375 available calories daily for 3 weeks, a considerable number of 
them showed pulse rates reduce<l from a normal average of 56 to an 
average of 40 beats per minute. The records were taken early in the 
morning when the men were still in bed. The rate is as low as was 
observed in war edema in Germany. Electrocardiograms of these 
hearts showed normal conditions. There appeared to be no change in 
the fimctional efl&ciency of the heart; the reduction of rate was merely 
an accommodation to the lessened requirements of circulation. There 
was the usual adaptive increase in rate when additional work was 
called for. The blood pressure was reduced. The average systoUc 
pressure fell from 120 mm. to 94 mm. and the diastolic from 83 mm. 
to 64 mm. The pulse pressure was therefore diminished from 37 nmi. 
to 30 nmi. 

The influence of sex. German writers are generally agreed that the 
war diet tended to produce a cessation of the menses. Rubner (^) 
thinks that this complex undoubtedly depends upon the great reduc- 
tion in the protein content of the diet. As this latter factor approaches 
the nitrogen minimum or falls below it, amenorrhea sets in as a pro- 
tective factor. A great reduction of body weight is not essential. 
Eckstein (12) says that reports of this difficulty show that sometimes 
as high as 6 per cent of the women concerned in an investigation might 
be affected, so the trouble was by no means general. The cessation of 
the menses lasted between 2 to 18 months. 

The development of the ovum and the ability to nurse the offspring 
were not reduced (53). Likewise the chemical composition of the 
mothers' milk was unchanged (44), though its quantity might be re- 
duced. During 1916-17 the death rate among infants was below 
normal because mothers in increased numbers suckled their offspring. 
All this confirms the biological principle of the sacrifice of the mother 
for the welfare of the offspring. 

Many German writers, as also Benedict, report that a reduced diet 
diminishes the libido sexualis among men. 

War Edema, The occurrence of edema during a famine in France 
following the Napoleonic wars has already been described. The 
same phenomenon occurred in different locaUties in Europe during the 
World War. Rossle (48) states that in Bohemia in the year 1917, 
22842 cases were reported, of whom 1028 died. Nine per cent of the 
inhabitants of one small town were afflicted with the disease. 
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The condition of edema occurs after chronic inanition extending 
over months and years and upon a diet containing predominantly 
carbohydrate and little protein. Schiff (51) states that he has occa- 
sionally seen apparently well-nourished individuals with this disease. 
A carbohydrate diet tends to favor an accumulation of water in the 
tissues. The occurrence of the trouble was widespread, especially in 
the cities, and occurred predominantly in the early part of 1917 when 
turnips replaced potatoes in the dietary. The older men, 40 to 55 
years old, were especially affected, younger people and women much 
less. There was a swelling of legs, arms, and sometimes of other 
parts, but no pathological changes in kidney, heart, or Hver, nor was 
there any other severe organic lesion. There was bodily weakness, 
slow pulse (40 to 48), a reduction in the volume of the blood, polyuria 
(3 to 4 liters), blood hydremia and sometimes nervous i^jnnptoms. 
Rest in bed and better food — more fat, milk, meat and bread — ^usually 
effected a cure. The mortality rate was not high. 

Rubner (50) has never noticed this condition in fasting dogs, and 
concludes that the acute road of starvation yields a sufl&cient amoxmt 
of protein metabolism, and this he considers to be the essential factor 
in preventing the edema. The functional disturbances may be very 
severe and often do not disappear with the regression of the edema, 
while weakness and emaciation, slow pulse, and frequent urination 
may persist for a long time after again taking a normal diet. Even the 
best treatment does not always prevent a fatal outcome, though autopsy 
may show no organic lesion. There is in general a regression of the 
disturbance when fresh foods are obtainable from a new harvest. 

Those who have been cured by dieting are susceptible to a recurrence 
of the disease if the poor diet is again taken. 

Knack and Neumann (30) found a reduced quantity of lipoids in 
the blood of patients suffering from edema. They think that this 
reduction of Upoids may cause damage to the capiUaries and to the 
cell walls, thus increasing the permeability of both. After adminis- 
tering carbohydrate alone in the form of turnips, or excess of water 
alone, to a patient who had recovered from edema, there was no re- 
cmrence of the difficulty, but when both were administered together 
edema followed. 

Harden and Zilva (20) gave to a monkey 250 to 300 grams of poUshed 
rice daily, with a yeast preparation to furnish the water soluble vita- 
mine, prepared lemon juice to furnish the antiscorbutic vitamine, and a 
salt mixture. The experiment began on May 16, 1918. A decline 
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in body weight began the end of January. Edema developed on Feb- 
ruary 27, 1919, 289 days after commencing the experiment. The 
edema persisted and grew gradually worse, a severe diarrhea set in, 
and the animal was chloroformed on account of its suffering. 

Falta and Quittner (13) beUeve that the edema is due to the large 
amount of chloride ingested in the food and is analogous to diabetic 
edema following the ingestion of sodimn bicarbonate together with 
a diet rich in salt. The day's urine, which is always free from al- 
bumin, may contain 40 to 45 grams of sodium chloride. 

In some excellent studies upon rats Kohman (31) was able to pro- 
duce edema in them by giving a diet composed largely of carrots with 
carrots as the only source of protein. Fats or fat or water-soluble 
vitamines did not prevent the occurrence of the edema in these rats 
Uving on a low protein diet. The salt content of the diet had no 
noticeable effect. A large water intake favored the development of 
the trouble. Control rats received casein as an addition to the diet, 
and remained in good health. Hence, the carrots did not contain 
"toxic" substances. This research confirms the opinion of Rubner 
that a diet low in protein produces edema. 

Maver (40), reviewing the Uterature of nutritional edema, finds no 
indication that a lack of vitamines is concerned in its production. 

Rubner (50) notes that polyuria was extensively observed in 1917 
and is to be explained by the enormous water content of the diet 
for on account of a lack of fat the food intake consisted of bread, trniiips, 
vegetables, potatoes and soup preparations. It was noticeable that 
urinary secretion took place, especially during the night hours, and 
bed-wetting was of frequent occurrence, even in adults. This was 
due to a delayed absorption of food, a more profound sleep in weakened 
individuals, to the absense of urea and the purins, and of tea and coffee 
as diiu*etic agents. 

Metabolism of atrophic children. The same problems of energy 
production are met with in undernourished children as in the cases of 
adults. Rowland (23), (24) investigated the metabolism of two normal 
infants (I and II) ; also the metaboUsm of a boy (III) 6 months old who 
was in a condition of extreme malnutrition, was literally skin and 
bones, with no fat and very little musculature; and finally the metabo- 
lism of an 8 year old girl (IV) emaciated to a most extreme degree 
and almost devoid of musculature. She had suffered from cerebro- 
spinal meningitis 6^ years before. 
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The energy metabolism of these children may thus be given: 
Heat production in normal and undernourished children 



Child I.. 
Child II. 
Child III 
Child IV, 





AOB 


WSIOHT 


CALOBIB8 IN 24 HOUB8 


CONDmON 


Indi. 
rect 


Direct 


Per square 




Indi- 
rect 


Direct 


Normal 
Normal 
Malnutrition 
Atrophic 


3 mos. 
7 mos. 
6 mos. 
Syrs. 


kom. 
4.65 
4.32 
3.05 
6.60 


340 
358 
188 
293 


333 
191 


1084 

1270 

868 

809 


1046 
886 



PER 
KILO- 
OBAIC 



71.3 
83.0 
62.0 
44.4 



The children were all nourished with milk, and the determinations 
were made when they were asleep after food ingestion. Rowland's 
formula (24) for determining the surface area of children was employed. 
Using this formula, the results are usually not far from those obtained 
by using that of Lissauer. 

It appears from the above table that the metabolism of atrophic 
children is less per kilogram of body substance and per square meter of 
surface than in normal children. 

It is to be greatly regretted that no work similar to this has yet been 
published concerning the metabolism of undernourished children in 
Vienna. 

Von Pirquet's (47) system of nutrition, which need not here be 
analyzed, seems to have given excellent practical results in the nutri- 
tion of the imderfed Viennese children. Concerning this system von 
Leersum concludes, "plus que 9a change, plus c'est la mfime chose.'' 
Fleming (14) states that only when children are one-third under weight 
for their ages is the metabolism abnormally decreased. 

Xerophthalmia. McCollum and Davis (38) and, independently and 
almost at the same time, Osborne and Mendel (45) found that if rats 
were reared upon a synthetic diet which included lard or a vegetable 
fat the animals, after about 2 months, ceased to grow and became 
afficted with an inflammation of the eyes, xerophthalmia. Osborne 
and Mendel (46) noted the great efl&cacy of cod liver oil as a cure for 
this condition. Xerophthalmia has been more common in Denmark 
than elsewhere, probably because the poor there eat vegetable mar- 
garine and export Danish butter. In 1917, during the submarine 
blockade, the prevailing doctrine in Denmark was that of Hindhede 
to the effect that fat was a dispensable foodstuff, an error also cham- 
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pioned by von Pirquet (47A). There was then no knowledge in Den- 
mark of the American work. Bloch (5) (6) describes how the Danish 
children grew to be weaklings, without appetite, under height and xmder 
weight for their ages, and they developed xerophthalmia. These 
conditions were cured by rationing butter and selling it to the poor at 
low prices. Administration of full milk and cod liver oil were also 
effective. Ten grams of cod liver oil, given twice daily, cured the 
xerophthalmia in 8 days except in cases in which its administration 
had been too long delayed to save the eyesight. 

One can hardly cite a more clear-cut example of the benefits con- 
ferred upon a people from knowledge of experimental biological science. 

It is not within the scope of this review to deal with the deficiency 
diseases, scurvy, beri-beri, pellagra and rickets, concerning each one of 
which volxmies have already been written, and each one of which is 
worthy of separate consideration. 

UndemiUriiion and the incidence of disease. With the loss in weight 
it was particularly noted in Grermany that there was an increased 
frequency of tuberculosis until, at the end of the war, the death rate 
from this disease had doubled or had reached the height which it had 
formerly attained before modem control over its spread has been 
instituted. More new cases were also enumerated. Young children 
were more susceptible to it than formerly. The increased suscepti- 
bility to cold likewise increased the number of cases of pulmonary in- 
fections. There was a great loss by death of people over 60 years 
old. Bodily weakness especially threatens people of old age, who 
may live for many years when amply nourished, but when under- 
nourished,, succimib to an ordinarily unimportant bronchitis, catarrh 
of the stomach, or to an acute infection (9). Recovery after surgical 
operations was also more difficult. On the contrary, war nutrition, 
by diminishing the intake of protein and preventing over-nutrition, 
was beneficial to many diabetic patients (43). The reduction in the 
quantity of alcohol taken was of benefit in all countries. In general, 
the gastro-intestinal tract showed itself capable of adaptation to the 
war diet to a very high degree (9). 

The prevention of famine. From what has preceded it is evident that 
sufficient food is essential for the physical, mental and moral welfare 
of a nation, and it therefore follows that human intelligence should 
be used for the prevention of famine. The doctrines of T. B. Wood 
(55) became the recognized English agricultural policy during the war. 
Gruber (19) has outlined a similar policy for adoption by the German 
people in the light of their situation in 1920. The reasoning is funda- 
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mentally sound. He begins by unrolling a hopeless picture of the food 
situation. As the possibilities of emigration are limited, twenty 
millions Germans are condemned to die unless they are able to help 
themselves. People in their position cannot speak of "panis et 
circenses" but of ''panis et labor." The only outcome possible is to 
nourish themselves from their own land and render themselves inde- 
pendent of foreign imports. Notwithstandig the dark prospect, 
Gruber believes it possible to maintain nourishment from home pro- 
duce if there be no extravagance and especially if the protein intake 
contain only a small quantity of meat. The ox is an irrational utilizer 
of fodder; if too many cattle are maintained an irreplaceable quantity 
of fodder is wasted. Agriculture must react to accord with this. The 
population needs 2600 calories per person per day, or for 60,000,000 
people 56 billion calories per annum. Notwithstanding the loss of 
agricultural districts, 171 billion calories can be produced as food for 
men and beasts. Of this, 26 biUion are needed for horses, leaving 
145 billion over for man and for edible animals. Because of the poor 
utilization of fodder by animals, not more than 29 per cent of the 
food of man should consist of milk, meat and eggs (which the fodder 
available could supply), whereas 71 per cent should come from vege- 
tables. It is necessary for agriculture to appreciate its high patriotic 
obligation not to increase the number of cattle nor to neglect the 
tilled area. Of course, this is not to be accomplished by force. It 
must be done by explaining the situation. Gruber protests against 
the brewing of strong beer and against the export of native grain. The 
nutrition question depends upon the sense of responsibiUty of each 
individual, producer and consumer alike. The problem is not only 
psychical but a matter of habit and of will power. *'The Grerman 
people holds the fate of Europe in its hand. With starvation, anarchy 
will come; anarchy in Germany would mean the end of European 
culture. " 

Hindhede (21) writes: "The (German) people must first have bread, 
potatoes and cabbage in sufficient quantity and then some milk. Meat 
is the last requirement to be met. If the people must wait until 
the pigs and cattle have sufficient food, they will die of starvation 
one year before they can get an abundance of meat. " 

During the last year of the war E. H. Starling said vehemently in 
England: "We will not ration bread." The necessary calories were 
thereby assured. And Herbert Hoover has written, "The wheat 
loaf has ascended in the imagination of enormous populations as the 
positive symbol of national survival.'' 
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INTRODUCTION. 

The biological action of inorganic hydrosols has been exten- 
sively studied during the years which have elapsed since Cred6^ 
introduced the use of colloidal silver into medicine. From these 
investigations it seems very probable that the action of the inor- 
ganic hydrosols is much the same as the action of small doses of 
salts of the same metals (see the literature by Bechhold*). 

The colloidal metal dissociates slowly in water into metal ions, 
and the bactericidal action, the property which has been the 
most studied, is supposed to be due to these dissociated ions. 
After intravenous injection the colloids are distributed all over 
the body within i to 1 hour and, while still in the colloidal state, 
are deposited in almost every organ with subsequent slow dis- 
sociation of ions. 

Investigations on the influence of these substances upon the 
metaboUsm are very rare. It has been found that silver hydrosol 
increases the protein metabolism.* 

A special interest is connected with the negative iron oxide 
hydrosol. While the positive iron oxide hydrosol, according to 

»Cred^, B., Arch, klin, Ckir., 1897, Iv, 861. 

' Bechhold, H., Die Kolloide in Biolog^e und Medisin, Dresden and 
Leipsic, 2nd edition, 1919. 
» Bechhold.« p. 402. 

667 
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Bechhold, unites with the negative blood colloids, forming an 
irreversible gel, the negative iron oxide hydrosol easily mixes 
with serum without producing any coagulation. This colloid 
solution is said to act as an oxygen carrier and to have properties 
similar to hemoglobin.* 

The purpose of this investigation has been to examine the 
influence of such an intravenously injected colloidal iron solution 
on the basal metabolism. 

Methods. 

Two dogs, trained for calorimeter work, were used in the experi- 
ments. The dogs were fed once daily with the "standard diet."* 

The bladder was emptied and washed before and after each 
experiment. 

The hydrosol was injected into the jugular vein, and immediately 
thereafter the dog was placed in the calorimeter. In each experi- 
ment 5 cc* were used. 

The movements of the dog in the calorimeter were recorded on 
a smoked dnun. 

The eflSciency of the calorimeter was controlled by frequent 
alcohol checks. 

Basal Metabolism. 

The standard diet was administered at 5 p. m. the day before 
the experiment. Thus, the basal metabolism was determined 18 
to 20 hours after feeding. 

In all experiments the dog was perfectly quiet, and the temper- 
ature of the calorimeter was between 25 and 26°C. 

The basal metabolism of Dog 20 was found to average 14.92 
calories per hour and the respiratory quotient 0.80 (Table I). 

The basal metabolism of Dog 18 was found to be 16.18 calories 
per hour and the respiratory quotient 0.80. 

The Influence of Colloidal Iron Intravenotisly. 

The results of intravenous injection of 5 cc. of colloidal iron are 
given in Table II. The average total heat production per hour 

« Bechhold,* p. 417. 

» Luek, G., /. BioL Chem,, 1912-13, xiii, 185. 

* Made by Laboratoires Cliiii Paris. 
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of Dog 20 was 16.00 calories and the average respiratory quotient 
0.84. One of the experiments, No. 10-A, was performed imme- 
diately after the basal metabolism was determined, on the same 
day. 

After administering colloidal iron the heat production of Dog 
18 was found to be 18.72 calories per hour and the respiratory 
quotient 0.82. 

TABLE I, 
Basal Metabolism of Dog £0. 





Date. 


Apr. 7.... 


J9»l 


May 6 


" 9 


" 13 


" 14 



Average . 



Experiment 
No. 



3 

5 

7 

10 

11 



Indirect 
calorimetry. 



14.45 
14.77 
14.94 
15.26 
15.22 



14.92 



R.Q. 



0.81 
0.79 
0.81 
0.78 
0.81 



0.80 



TABLE II. 
Colloidal Iron Intravenously— Dog SO. 



Apr. 8. 

May 7. 

" 13. 



Average . 



Date. 



t9»l 



Ezperimeut 

No. 



4 

6 

10-A 



Indirect 
calorimetry. 



15.63 
15.79 
16.40 



16.00 



R.Q. 



0.85 
0.87 
0.81 



0.84 



The total heat production was thus increased about 7 per cent 
in Dog 20 and about 15 per cent in Dog 18. 

The average CO2 output per hour of Dog 20 after the injection 
was 5.51 gm., but only 4.89 gm. in the basal metabolism. The 
average O2 consumption was 4.68 gm. per hour after injection and 
4.46 gm. in the basal metaboUsm. 

In Dog 18 the CO2 production was increased from 5.37 to 6.35 
gm. per hour and the O2 consumption from 4.87 to 5.63 gm. per 
hour after the injection. 
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The respiratory quotient was slightly higher in both dogs during 
the injection experiments than during the determinations of the 
basal metabolism. 

There was no marked increase of the protein metabolism. The 
chief increase of the total heat production fell on the non-protein 
metaboUsm. 

The results are summarized in Tables III and IV. 

CONCLUSIONS. 

1. Intravenous 'injections of iron hydrosol in dogs cause an 
increase of the Ot consumption and the COi production. The 
average increase of the heat production in one of these dogs was 
7 per cent and in one experiment on the other the increase was 15 
per cent. 

2. The increased metaboUsm coincides with a slight increase of 
the respiratory quotient. 

3. The chief increase of the total heat production falls on the 
non-protein metabolism. 

I wish to express my sincerest thanks to Professor Graham 
Lusk for advice and help in running the calorimeter, and to Mr. 
James Evenden for technical assistance. 
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I. INTRODUCTION. 

The behavior of the ordinary foodstuffs during successive hours 
after their ingestion as they react in the organism of the dog has 
been the subject of numerous former researches published from 
this laboratory. The last paper upon this theme was issued in 
1919 (1) and dealt with the similarity of the extent of the rise in 
heat production after giving lactic acid and alanine. It was then 

*An abstract of this paper was presented before the Physiological 
Congress held in Paris, July, 1920. 
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(erroneously) concluded that the ingestion of the two substances 
resulted in the same physiological reaction upon metabolism. 
. In 1912 the writer (2) proved that glycine and alanine were 
powerful stimuli to increased heat production. At the same time 
Benedict (3) advanced the theory that the specific dynamic action 
of the foodstuffs was due to stimuli arising from the formation of 
organic acids. This has been elsewhere discussed by me (4). 

In the light of our present knowledge it seemed desirable to 
investigate the comparative behavior of various simple substances, 
such as acetic, glycollic, lactic, and hydrochloric acids; the be- 
havior of glycine after neutralization with sodium bicarbonate, of 
sodium lactate and sodium glycoUate, and of sodium bicarbonate 
itself. In this manner one might discover to what extent the acidic 
radicle was a dominant factor influencing metabolism. Since 
strong solutions of acetic acid were vomited by the dog, one could 
administer only small quantities to the animal. As noted in the 
previous paper, it was found possible to administer materials 
like lactic acid in a solution containing 2.5 gm. of Liebig's extract 
of beef warmed to a temperature of SS^'C. For the reason of the 
presence of Liebig's extract in the diet, the protein metabolism 
throughout the whole series of experiments was estimated on the 
basis of a urinary nitrogen elimination of 0.132 gm. per hour, as was 
determined for the basal metabolism of the dog employed. The 
figures given represent in general the measurements of the metabo- 
lism obtained during the 2nd and 3rd hours after administering the 
substances. The results obtained in this paper should be considered 
in the light of the paper by Miss Taistra (5) which follows this. 

U. THE BASAL METABOLISM. 

A dog was given the ''standard diet" (6) at 5 p.m. the day be- 
fore the experiment and also regularly throughout the entire 
period of experimentation. The basal metabolism was deter- 
mined about 18 hours after the ingestion of this maintenance 
diet. The results are summarized in Table I. 

According to these determinations the basal metabolism by 
indirect calorimetry averages 17.61 calories per hour and the 
respiratory quotient 0.80. 
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TABLE I. 

Basal Metabolism of Dog XIX. 



Ezperiment 


Date. 


Dura- 
tion of 
ezperi- 
ment. 


R.Q. 


Calories. 


No. 


Indirect. 


Direct. 


Difference. 


6 
19 
24 
29 
32 
35 
38 


1990 

Jan. 15 

Feb. 5 

Mar. 16 

" 30 

Apr. 6 

" 12 

" 21 


2 
2 
2 
2 
2 
2 
1 


0.82 
0.84 
0.80 
0.76 
0.75 
0.79 
0.81 


35.59 
33.12 
35.37 
36.59 
36.52 
34.75 
16.90 


37.54 
33.52 
31.30 
36.14 
35.78 
34.80 
16.75 


+1.95 
+0.40 
-4.05 
-0.45 
-0.74 
+0.05 
-0.15 


Total.. 




13 


0.80 


228.84 


225.83 


-3.01 - 1.3 per cent 



in. LIEBIO'S EXTRACT OF BEEF. 

The influence of 2.5 gm. of this material, when given with 500 cc. 
of water to Dog XVIII, was found to increase the basal metab- 
olism by 1.1 and 0.8 calories per hour, as has already been de- 
scribed by Atkinson and Lusk (1). In the present instance the 
administration of 2.5 gm. of the substance in a smaller quantity 
of water, 400 cc, caused a scarcely appreciable rise in heat pro- 
duction above the basal level. The experiments may be thus 
expressed: 

TABLE n. 

Metabolism of Dog XIX after Administering a Broth Containing t,S Om. of 

Liebig^B Extract of Beef, 



Experi- 
ment No. 


Dftte. 


1 

"S . 
ee. 


hr$. 


R.Q. 


Calories per hour. 




Indi- 
rect. 


Direct. 


Difference. 




t9»0 










7 


Jan. 16 


350 


2 


0.79 


36.53 


34.38 


-2.15 


14 


" 28 


400 


2 


0.81 


38.93 


43.41 


+4.48 


21 


Feb. 9 


400 


1 


0.82 


19.79 


19.99 


+0.20 


23 


" 19 


400 


2 


0.81 


34.25 


37.10 


+2.85 


25 


Mar. 19 


400 


2 


0.80 


34.72 


34.06 


-0.66 


34 


Apr. 9 


400 


2 


0.82 


33.91 


33.22 


-0.69 


Total.. 






11 


0.81 


198.13 


202.16 


+4.03 - 2.0 per cent 
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The average heat production, as determined by indirect calorim- 
etry after giving 400 cc. of a broth containing 2.5 gm. of meat 
extract, was 18.1 calories per hour, or 0.49 calory above the basal 
metaboUsm. The difference is so slight as to be negligible. The 
average respiratory quotient 0.81 is essentially the same as that 
of the basal metabolism. 

rv. SODIUM BICARBONATE. 

In order to detect the influence of sodium bicarbonate, 8 gm. 
of the material were ingested with 300 cc. of water and 2.5 gm. 
of Liebig's extract, with the following experimental results: ' 

TABLE in. 

Dog XIX after Administering a Broth Containing 8 Om. of NaHCOt, M.S Om. 
of Liehig'a Extract, and SOO Cc. of Water. 



Experiment 


Date. 


Dura- 
tion of 
experi- 
ment. 


R.Q. 


Calories per hour. 


™o. 


Indi- 
rect. 


Direct. 


Difference. 


42 
43 


Wio 
Mayl 
" 4 


Ar«. 
2 
1 


0.84 
0.82 


37.22 
16.95 


37.68 
17.72 


H-0.36 
+0.77 


Total.... 




3 


0.83 


64.17 


66.30 


+1.13 « 2.1 per cent 



The rate of metabolism averages here 18.05 calories per hour, 
an increase of 0.45 above the basal metabolism, about the same 
as when the broth alone was given. The increase may be con- 
sidered negligible. 

V. ACETIC ACID. 

The behavior of acetic acid is of especial interest in that it is 
probably a cleavage product of fatty acid as a consequence of its 
jS-oxidation. Acetic acid on combustion manifests a respiratory 
quotient of 1.00 and 1 gm. of the substance requires 1.067 gm. 
of oxygen and yields 3.491 calories of heat. One may calculate 
that 1 Uter of oxygen thus employed would correspond to the 
formation of 4.674 calories. This is essentially the same value for 
oxygen as when a liter of it oxidizes fat and produces 4.686 cal- 
ories with the respiratory quotient 0.71. 
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The following results were obtained in the dog after ingesting 
3.gm. of acetic acid: 



TABLE IV. 



Dog XIX after Administering S Gm. of Acetic Acid in Broth Containing 
M.S Om. of Liehig*8 Extract of Beef and 400 Cc. of Water, 



Experiment 


Date. 


Dura- 
tion of 
experi- 
ment. 


R.Q. 


Calories per hour. 


No. 


Indirect. 


Direct. 


Difference. 


4 
12 
13 


29$0 

Jan. 12 
" 23 
" 27 


hrs. 
2 
2 
2 


0.76 
0.79 
0.78 


42.55 
41.25 
40.63 


42.62 
42.77 
38.33 


-0.03 
+1.62 
-2.30 


Total... 




6 


0.78 


124.43 


123.62 


-0.81 = 0.6 per cent 



This indicates that the metabolism of the dog, following the 
ingestion of 3 gm. of acetic acid containing 10.5 calories, rises to 
an average of 20.74 calories per hour, an increase of 3.13 calories 
above the basal level. 

An unusual phase of this work is the- presence of a low respira- 
tory quotient following the ingestion of a material having a high 
quotient. Curiously enough, the same phenomenon of a reduced 
respiratory quotient appeared also when glucose and acetic acid 
were given together. 

The experiments are all calculated without reference to the special 
modifications induced through the combustion of acetic acid. If, however, 
one recalculates the 1st hour of Experiment 12, in whjch the respiratory 
quotient was 0.83, on the hypothesis that as large a quantity as 1 gm. of 
acetic acid was oxidized during that interval, then the non-protein respira- 
tory quotient for fat plus carbohydrate would reach the artificial value of 
0.68. On this basis the calories of metabolism would be derived as follows : 
protein 3.50, acetic acid 3.49, fat 12.72, total 19.71. This contrasts with a 
total of 20.30 calories determined by the usual mode of calculation, a 
diminution of 0.59 calory for the hour. The usual method of calculating 
the results cannot therefore be wide of the mark. 

It is possible that acetic acid may in part have been reduced 
in the organism to ethyl alcohol, which would explain the low 
respiratory quotient obtained, but of this there is no actual evi- 
dence. The experimental evidence shows that administration of 
acetic acid does not reduce the carbon dioxide-combining power 
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of the blood, hence one may conclude that it is rapidly absorbed 
and oxidized (5). 

In a former experiment (Experiment 30, Dog III (7)) the ad- 
ministration of 5.8 gm. of ethyl alcohol, which if oxidized to acetic 
acid would have given rise to 7.6 gm. of the latter substance,* 
effected an increase in the basal metabolism of only 0.9 calory 
per hour. It is well known that alcohol is only slowly oxidized, 
whereas acetic acid appears to be rapidly consumed. 

VI. LACTIC ACID. 

Lactic acid is believed by many to be a normal intermediary 
metabolite of glucose (8-12) as well as of alanine. Its behavior 
in metabolism may therefore merit further investigation. Solu- 
tions of 4.8 gm. were given to Dog XIX with the following 
results: 

TABLE V. 

Dog XIX after Administering 4,8 Chn, of Lactic Acid in Broth Containing 
BJ Gm, of Liebig's Extract and 400 Cc. of Water. 



Experiment 


Date. 


Dura- 
tion of 
experi- 
ment. 


R.Q. 


Calories per hour. 


"no. 

/ 


Indi- 
rect. 


Direct. 


Difference. 


10 

11 


1990 

Jan. 21 
" 22 


hr$. 
2 
2 


0.83 
0.84 


39.91 
41.14 


38.70 
40.34 


-1.21 
-0.80 


Total.... 




4 


0.84 


81.05 


79.04 


-2.01 - 2.6 per cent 



Lactic acid, 4.8 gm., brought the rate of heat production to 
20.26 calories per hour, an increase above the basal metabolism 
of 2.65 calories. The respiratory quotient of 0.84 is slightly higher 
than the average basal value of 0.80, in conformity with the fact 
that the respiratory quotient of lactic acid is 1.00. 

The administration of lactic acid in this quantity temporarily 
reduced the C02-combining power of the plasma of this dog (5) 
and yet the increase in the heat production was less than was 
observed in the case of acetic acid administration where no re- 
duction was observed. 
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To determine whether the admmistration of lactic acid in the 
form of an alkaUne salt would abolish its specific dynamic in- 
fluence, 10 gm. of sodium lactate were given, with the following 
results: 

TABLE VI. 

Dog XIX after Owing 10 Om, of Sodium Lactate in Broth Containing 2,5 Qm, 
of Liebig*8 Extract and JjfiO Cc, of Water, 



Experiment 


Date. 


Dura- 
tion of 
experi- 
ment. 


R.Q. 


Calories per hour. 


No. 




Direct. 


Difference. 


33 
36 


1990 

Apr. 8 
" 13 


hra. 
2 
2 


0.82 
0.81 


38.11 
37.99 


36.29 
36.42 


-1.82 
-1.67 


Total... 




4 


0.82 


76.10 


72.71 


-3.39 = 4.6 per cent 



By the indirect method the heat production is 19.02 calories per 
hour,- an increase of 1 .41 calories above the basal. The respiratory 
' quotient is that usually found. The urine eliminated at the end 
of the experiments was weakly alkaline to litmus. 

If the sodium lactate were oxidized to NaHCOs, the chemical reaction 
would be CJSftOjNa + 30, = NaHCO, + 2CO2 + 2HaO. Under these 
circumstances the respiratory quotient would be 0.667 and the quantity 
of oxygen absorbed the same as would be required to oxidize lactic acid 
itself. Since the respiratory quotient actually found is 0.82, it is evident 
that the alkali could not have been entirely, pr even largely, neutralized 
by carbonic acid. 

The increase of 1.4 calories caused by 8 gm. of lactic acid ad- 
miAistered as a sodium salt is not as great as that of 2.7 calories 
when only 4.6 gm. were given in the form of the free acid. This 
might be due to the fact that the presence of alkali promotes the 
conversion of lactic acid into glycogen. It should be recalled 
that the ingestion by a dog of 8 gm. of glucose into which 8 gm. 
of lactic acid are convertible has no effect whatever upon the 
metabolism (1). The intermediary metabolite is therefore more 
immediately available for use by the cell than is glucose which 
may be at once dehydrated and put aside as glycogen. To some 
this may appear to favor the theory that glucose must become 
glycogen before it can be utilized. 
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Vn. GLYCOLLIC ACID. 

Glycollic acid has been suggested as the primary product follow- 
ing the deamination of glycine. As such it might be the cause of 
the profound stimulation of metabolism which follows the ad- 
ministration of glycine itself. The literature concerning the in- 
termediary metabolism of glycollic acid is given by Sieburg and 
Vietense (13). Pohl (14) could find neither glycoUic nor oxalic 
acid in the urine of a dog to which he had given the substance. 
Mayer (15), however, gave 10 gm. of glycol to a rabbit and re- 
covered one-sixth of it in the form of glycoUic acid in the animal's 
urine. Dakin (16) noted a rise in urinary aromonia from 
0.12 to 0.22 gm. per day after giving 1.1 gm. of glycollic acid to a 
dog weighing 11 kilos. 

In combustion glycoUic acid manifests a respiratory quotient 
of 1.33. When 1 gm. is oxidized 0.632 gm. of oxygen is consumed 
and 2.206 calories are Uberated. Each Uter of oxygen employed 
has a value of 4.990 calories or approximately the same value as 
when glucose is oxidized. 

GlycoUic acid, 7.6 gm., containing about twice the number of 
potential H ions present in the quantities of acetic and lactic 
acids previously administered, were given to the dog and the 
results were as foUows: 

TABLE VII. 

Dog XIX after Giving 7,6 Gm. of Glycollic Acid in Broth Containing $.5 Gm, 
of Liebig*^ Extract and 400 Cc. of Water. 



Experiment 


Date. 


Duration of 
experiment. 


R.Q. 


Calories. 


No. 


Indirect. 


Direct. 


Difference. 


20 
22 
26 


19S0 

Feb. 6 

" 18 

Mar. 20 


hrs'. 
2 
2 
2 


0.93 
0.96 
0.91 


39.01 
37.33 

38.27 


31.61 * 

36.01 

34.14 


-7.60 
-1.32 
-4.13 


Total.. 




6 


0.94 


114.61 


101.66 


-12.95 


37* 


Apr. 20 


3 


0.88 


56.47 


50.91 


-4.66 



* Material given as a sodium salt. 

The metabolism calculated by the indirect method is 19.10 
calories per hour or an increase of 1.49 calories above the basal. 
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The high average respiratory quotient of 0.94 betokens the oxida- 
tion of the ingested material. 

Administration of glycollic acid produced a profoimd fall in the 
C02-combining power of the blood plasma (5), indicating that a 
considerable quantity of the salt combines with the alkali of the 
blood and circulates in it. 

This reduction in C02-combining power from 60 to 40 volumes 
per cent might have caused the elimination of 100 cc. of CO2 from 
500 cc. of blood presumably contained in the dog of 10 kilos body 
weight. Even though the whole of this elimination should have 
fallen upon the 2nd and 3rd hours recorded in the above experi- 
ments the increase in the respiratory quotient would have been 
only 0.02. Bicarbonate withdrawn from the tissues into the blood 
may have materially increased the CO2 output. 

The great reduction in the C02-combining power of the blood, 
with only a slight increase in the total metabolism, indicates that 
acid metabolites, when ingested, do not necessarily stimulate 
metabolism because of their acid properties. 

When glycollate of sodium was given to the dog the increase 
above the basal metabolism was 0.88 calory per hour. The 
respiratory quotient was 0.88, indicating the combustion of the 
substance. If the salt had been oxidized with the production of 
NaHCOs, its respiratory quotient would have been 0.80. The 
quotient obtained indicates that factors other than CO2 for the 
neutralization of the alkali were brought into play. 

An interesting phenomenon in relation to the ingestion of both 
glycollic acid and its salt is the reduced measured heat output of 
the dog despite the slightly increased heat production a« computed 
from the oxidation process. This was also noticed when hydro- 
chloric acid was ingested. It is evident, therefore, that heat was 
stored in the body which was not reflected by the rectal thermom- 
eter carried by the animal. There might have been an altered 
distribution of the blood supply so that some jJortion of the body 
attained an increased temperature. These experiments confirm 
the idea that for short periods the indirect method of heat pro- 
duction is usually more to be relied upon than the direct 
measiu-ement. 
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Vni. HYDROCHLORIC ACID. 

Atkinson and Lusk (17) demonstrated that the administration 
of 200 cc. of 0.4 per cent hydrochloric acid will increase the hourly- 
heat production in the dog from 20 to 21.25 calories per hour, an 
increase of 1.25 calories. 

In Experiment 28, 300 cc. of water containing 0.6 per cent of 
hydrochloric acid and 2.5 gm. of Liebig's extract were given to Dog 
XIX. The heat production as calculated was 19.16 calories per 
hour, an increase of 1.55 calories above the basal. 

The experiments of Miss Taistra show that a considerable fall 
in the COj-combining power of the blood takes place as the result 
of giving hydrochloric acid in this quantity to the. dog. There 
is, however, no great rise of metabolism in consequence. 

IX. SODIUM SALT OF GLYCINE. 

Lusk (2) has shown that glycine is a powerful stimulant to 
metabolism. It might be that when administered as a sodium 
salt its active properties would disappear. Therefore, 9.56 gm. of 
the substance were dissolved in 300 cc. of water and neutralized 
by the addition of 10.7 gm. of bicarbonate of sodium. The cal- 
culations of metabolism followed the method given by Lusk (7) 
and the results may thus be summarized: 

TABLE VIII. 

Dog XIX after Giving 9M Gm, of Glycine in 900 Cc, of WcUer with 10,7 Gm. 
of NoHCOt and $.6 Gm, of Liehig's Extract, 



Experiment 


Date. 


Duration of 
experiment. 


R.Q. 


Calories. 


Indirect. 


Direct. 


Difference. 


39 


1990 

Apr. 22 


hra. 
2 


0.84 


45.84 


46.37* 


-0.47 



* During the let hour, the heat from evaporated water was estimated. 

The heat production was 22.94 calories per hour, an increase 
of 5.31 calories above the basal. This accords with Experiment 
61 on Dog III (7) in which administration of 10 gm. of glycine 
increased the metabolism 4.4 calories. 

The specific d3aiamic effect of glycocoU is therefore in no way 
diminished by administering it with alkali and the result is far 
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greater than is achieved after giving the nearly equivalent quan- 
tity of 7.6 gm. of glycollic acid, supposedly formed from it by hydro- 
Ijrtic deamination. 

These experiments, however, do not exclude the possibility 
that after all glycollic acid may be the stimulus which increases 
metabolism, for it has been known since the experiments of Folin 
and Denis (18) that ingested glycine is absorbed with avidity by 
the cells of the muscles and liver, and it may be that if deamina- 
tion takes place within them with the production of glycollic acid, 
this substance may then play quite a different r61e from that 
which it plays when brought to the cell from without. Considera- 
tions of this sort show to what extent the experimental limitations 
of the method may play havoc with one's interpretation of the 
results obtained. 

Dakin (19) suggests that glycine reacts upon other amino-«tcids 
capable of forming glucose (e.g., alanine), setting them free in the 
body. These would then become the source of sugar following 
glycine ingestion and the source of its specific dynamic action. 
This harmonizes with the fact that 1 molecule of glycine has the 
same specific dynamic effect as a molecule of alanine, but if 1 mole- 
cule of glycine caused the liberation of a molecule of alanine in 
metabolism in the phlorhizinized dog, then more "extra glucose'* 
would be eliminated than actually takes place. 

X. GLUCOSE WITH AND WITHOUT LACTIC AND ACETIC ACIDS. 

One of the peculiarities of the specific dynamic action of amino- 
acids, glucose, and fat is that the extra heat produced by one of the 
three is specific and that when two or more of the materials are 
given together the extra heat production is the sum of the in- 
fluences which each substance given alone would have induced (7). 
In line with this knowledge it follows that if glucose and lactic acid 
be given together and lactic acid behaves like a metabolite of 
alanine, the heat production will be greater than when glucose 
alone is given, but if it behaves like a metabolite of glucose no 
appreciable rise will be observed. Also, if acetic acid be given 
with glucose, one can in like manner analyze whether acetic acid 
is a normal metabolite of glucose, as it might be if acetaldehyde, 
supposedly a cleavage product of glucose, were oxidized. 
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For this purpose the foUowmg solutions were given: 

A. Glucose, 68 gm. + water, 400 cc. + Liebig's extract, 2.5 gm. 

B. Glucose, 50 gm. + lactic acid, 8 gm. + water, 400 cc. +/^^ig's 

lextraot, 2.5 gm. 

C. Glucose, 60 gm. + acetic acid, 3 gm. + water, 400 cc. +/^iehig*8 

(extract, 2.5 gm. 

It is evident from Table IX that there is no summation of eflfect 
when glucose and lactic acid are given together. Hence ingested 
lactic acid behaves Uke a metabolite of glucose and not Uke one of 
alanine. 





TABLE IX. 
Dog XIX after Giving Diets Above Mentioned. 






Experiment 


Date. 


State of nutrition. 


'1 

p 

krs. 
2 
2 

4 


R.Q. 


Calories. 




Indi- 
rect. 


Di- 
rect. 


47 
60 


Wio 
May 13 
« 20 


Glucose. 


1.01 
1.01 


44.56 
44.71 


42.17 
43.66 


Total.. 








89.27 

44.33 
44.39 


85.83 


44 
46 


May 10 
" 12 


Glucose + lactic acid. 

« It u « 


2 
2 

4 


1.07 
1.02 


42.69 
41.29 


Total.. 






88.72 

49.59 
49.76 


83.98 


48 
49 


May 17 
" 19 


Glucose + acetic acid. 

tt « it ' u 


2 
2 

4 


0.98 
0.97 


44.98 
46.42 


Total.. 






99.36 


90.40 



Quite different results were obtained after giving acetic acid. 
Whereas with glucose alone the metabolism was 22.32 calories 
per hour, after adding acetic acid the heat production rose to 
24.84 calories per hour, an increase of 2.52. But it has already 
been pointed out that after giving 3 gm. of acetic acid alone to 
this dog the metabolism was increased 3.13 calories. 
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Calories. 


Per cent. 


Glucosei 68 gm 


+4.71 
+3.13 


+27 


Aoetio acid. 3 inn 


+18 






Bum of both 


+7.84 


+45 






Glucose, 50 gm. + acetic acid, 3 gm 


+7.23 


+41 







A true summation of effect is revealed similar to that found 
when glucose and fat are given together, and this supports the 
hypothesis that acetic acid is a normal intermediate in the metab- 
olism of fatty acid. Since one theory of the production of fat from 
carbohydrate involves the production of acetaldehyde from methyl 
glyoxal by CO2 cleavage and the subsequent polymerization of 
the aldehyde radicles into fatty acid, and since Lusk (7) has shown 
that the process of the conversion of fat into carbohydrate does 
not materially increase the heat production, one may still assume 
the possibility of a production of acetic acid from glucose in metab- 
olism up to the limits of the power of the cell to oxidize acetalde- 
hyde, following which maximum a synthetic production of fat 
ensues. At this point, however, ingested acetic acid might be 
oxidized and lift the metabolism to a higher level. It seems, how- 
ever, more reasonable to believe that, if in the combustion of 
glucose by the cell acetic acid is produced as a dominant inter- 
mediate product, satisfying cell affinities for the oxidation of that 
substance, then the addition of a small quantity of acetic acid to 
the diet would not result in a quantitative reaction such as is noted 
above. Glucose ingestion does not change the COa-combining 
power of the blood <5), therefore no acids are formed in its metab- 
olism which diminish this power. 

XI. ALCOHOL CHECKS. 

The validity of the data presented rests upon the accuracy of 
the determinations. The following alcohol checks may reassure 
the reader. The calculated heat production and the theoretical 
oxygen consmnption were estimated from the carbon dioxide 
production of the burning alcohol. 
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TABLE X. 








Hourly Average of Alcohol Checks. 
















Calories. 




Experiment No. 


Date. 


R.Q. 


Error on 
Oi. 














^ 








Indirect. 


Direct. 


Differ^ 
ence. 




1919 




per cent 








66 


Dec. 12 


0.694 


-3.9 


22.37 


22.40 


+0.03 


67 


" 13 

1990 


0.669 


±0 


17.47 


17.90 


+0.43 


68 


Jan. 7 


0.674 


-1.1 


23.32 


23.56 


+0.23 


69 


" 13 


0.675 


-1.1 


24.53 


24.51 


-0.02 


70 


" 26 


0.668 


dbO 


23.70 


24.02 


+0.32 


71 


Feb. 3 


0.662 


±0 


18.33 


19.26 


+1.33 


72 


" 13 


0.632 


+5.4 


13.59 


13.54 


-^0.06 


74 


u 17 


0.659 


+1.2 


28.10 


28.65 


+0.55 


77 


Mar. 13 


0.670 


-0.5 


27.35 


26.60 


-0.75 


78 


" 15 


0.666 


itO 


24.49 


24.86 


+0.37 


80 


" 26 


0.655 


+1.7 


22.59 


22.55 


-0.04 


81 


Apr. 19 


0.684* 


-2.5 


24.21 


23.40 


-0.81 


82 


May 18 


0.681 


-2.1 


26.94 


25.66 


-1.28 


Average per hour. . 




0.669 


-0.2 


22.86 


22.85 






♦ Average of three hourly periods with R. Q. of 0.707, 0.667, 0.675. 

XII. A GENERAL TABULATION. 

The results of this work are illustrated in the accompanying 
chart and are condensed into Table XI. 

If one analyzes the experiments in which acids were given one 
finds no relation between the number of potential hydrogen ions 
administered and the height of the metabolism, nor is the power 
to reduce the carbon dioxide-combining power of the blood con- 
tributary. 

This appears in the following table: 



Substance given. 



Acetic acid, 3 gm 

Lactic acid, 4.8 gm.. 
GlycoUic acid, 7.6 gm, 
HCl, 1.8 gm , 



Relative num- 
ber of 
potential H 
ions. 



1.0 
1.2 
2.0 
1.0 



Increase in 
metabolism. 



3.1 
2.7 
1.5 
1.6 



Decrease in 

COt-combining 

power of the 

plasma. 



per cent 



14 

28 

11 
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It should be further noted that a quantity of glycine contaming 
only 20 calories induced an increase in metabolism for 2 hours 
amounting to 5.3 calories per hour, while glucose containing 218 
calories, or eleven times as many, raised the metabolism only by 
4.7 calories. The glycocoll was neutralized with sodium before 
ingestion. While one may still speak of amino-acid stimulation 
in the sense that one speaks of the specific dynamic action of pro- 
tein, one is still far removed from an actual elucidation of what 
transpires in the cells to induce the phenomenon. 

TABLE XI. 

A Summary of All the Experiments. 



Nutritive condition. 



Calories 
in diet. 



Basal metabolism. 

Liebig's extract 

NaHCOi, 8gm 

Acetic acid, 3 gm 

Lactic acid, 4.8 gm. 

" 8 "(Nasalt) 

Glycollic acid, 7.6 gm 

" 7.6 " (Nasalt). 

HCl, 1.8 gm 

Glycine, 9,6 gm. + NaHCOi, 

10.7 gm 

Glucose, 68 gm 

60 " + lactic acid, 

8gm 

Glucose, 60 gm. + acetic acid, 

3gm 








10.6 
17.6 
29.3 
16.8 
16.8 


20.1 
217.8 

217.0 

198.26 



R.Q. 



0.80 
0.81 
0.83 
0.78 
0.84 
0.82 
0.94 
0.88 
0.84 

0.84 
1.01 

1.04 

0.97 



Calories of 

metabolism per 

hour. 



Indi- Above 
rect. basal. 



17.6 

18.1 

18.06 

20.7 

20.3 

19.0 

19.1 

18.6 

19.2 

22.9 
22.3 

22.2 

24.9 



-fO.6 
+0.6 
+3.1 
+2.7 
+1.4 
+1.6 
+0.9 
+1.6 

+6.3 

+4.7 

+4.6 

+7.2 



Num- 
ber of 

respira- 
tions 
per 

minute. 



6 

8 

7 

8.6 

8.1 

7 

9 

7 

7.6 

10 
10 

11 

12 



CO* in 
each 

expira- 
tion. 



fftn, 

0.016 
0.012 
0.016 
0.013 
0.013 
0.015 
0.013 
0.015 
0.016 

0.013 
0.014 

0.014 

0.013 



The administration of these small quantities of materials to a 
dog is not easy, and the limitation of the method employed ap- 
pears to me to have been reached in this research. Rubner (20), 
speaking in the Prussian Academy of Sciences in 1913, said, '*Die 
Wanderung der Stofife bis zur Zelle zu verfolgen, sie quantitativ 
zu messen und experimentell zu variieren, das gehort, bis heute 
wenigstens, zu den unlosbaren Aufgaben. Es ist auch kaum zu 
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erwarten, dass sich in Balde die entgegenstehenden Schwierigkeiten 
tiberwinden lassen." 

It is realized that the methods employed here are relatively 
crude and the results often merely suggestive. 

XIII. SUMMABY. 

1. The ingestion of 400 cc. of a broth containing 2.5 gm. of 
Liebig's extract of beef increased the heat production of a dog from 
a basal level of IB.l calories by 0.6 calory per hour. 

2. The addition of 8 gm. of sodium bicarbonate to the broth 
caused no further change in the metabolism. 

3. The addition of 3 gm. of acetic acid to the broth caused an 
increase of 3.1 calories per hour. The material was evidently 
rapidly consumed. 

4. Lactic acid, 4.8 gm. given as before, raised the basal metab- 
olism by 2.7 calories. With 10 gm. of sodium lactate the heat 
production increased only 1.4 calories per hour, possibly because 
the alkali favored its transformation into glycogen. 

5. Glycollic acid, 7.6 gm., with twice the number of potential 
H ions contained in it than were present in 3 gm. of acetic acid, in- 
creased the metabolism by 1.6 calories or less than half that ef- 
fected by acetic acid. A like quantity given as glycoUate of 
sodium increased the metabolism 0.88 calory. 

6. Hydrochloric acid, 1.8 gm., caused the metabolism to in- 
crease 1.6 calories per hour. 

7. Glycine, 9.55 gm., containing 20 calories and neutralized 
with sodium bicarbonate, caused the heat production to rise 
6.3 calories per hour. Neutralization therefore did not avail to 
reduce the activity of the product. 

8. Glucose, 58 gm., and glucose, 50 gm., plus lactic acid, 8 gm., 
manifest exactly the same increases above the basal metabolism, 
4.7 and 4.6 calories respectively. Lactic acid therefore behaves like 
an intermediary metabolite of glucose and not like alanine which 
would have shown a summation effect. 

9. Glucose, 50 gm., plus acetic acid, 3 gm., shows an increase 
of 7.23 calories per hour. This indicates a summation of the in- 
fluences of the two factors involved; it is identical with the be- 
havior of glucose and fat when given together; it supports the con- 
ception that acetic acid is an intermediary metabolism product 
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TABLE xn— Generoi Sm 




Experi- 
meirt 


Time. 


COt 


0« 


R.Q. 


HtO 


Calories. 


Date. 










No. 












Protein. 


Non- 
protein. 


Indix«et, Di 

1 


1920 






gm. 


gm. 




gm. 






1 


Jan. 12 


4 


11.62-12.62 


7.02 


6.86 


0.74 


8.05 


3.50 


18.96 


22.46,21 




• 


12.62- 1.62 


6.52 


6.09 


0.78 


7.21 


3.50 


16.59 


20.09 1 21 




















42.55 


fi 


" 16 


6 


11.15-12.15 


6.94 


4.94 


0.87 


6.74 


3.50 


13.16 


16.66 


li, 




• 


12.15- 1.15 


6.16 


5.74 


0.78 


6.62 


3.50 


15.43 


18.93 
35.59 


It 
3? 


" 16 


7 


11.11-12.11 


6.05 


5.46 


0.81 


6.09 


3.50 


14.62 


18.12 


L'. 






12.11- 1.11 


6.93 


5.60 


0.77 


6.08 


3.50 


14.91 


18.41 
36.53 




" 21 


10 


11.28-12.28 


7.38 


6.41 


0.84 


8.08 


3.50 


17.99 


21.49 


11 






12.28- 1.28 


6.24 


5.53 


0.82 


7.21 


3.50 


14.92 


18.42 
39.91 


11 


" 22 


11 


11.30-12.30 


7.62 


6.35 


0.86 


7.14 


3.50 


17.92 


21.42 


l&J 






12.30- 1.30 


6.65 


5.92 


0.82 


7.20 


3.50 


16.22 


19.72 
41.14 


30. 


" 23 


12 


11.44-12.44 


6.95 


6.07 


0.83 


8.53 


3.50 


16.80 


20.30 


22. 
20. 






12.44- 1.44 


6.57 


6.40 


0.75 


8.33 


3.50 


17.45 


20.95 




















41.25 


43. 


" 27 


13 


1.40- 2.40 


7.19 


6.44 


0.81 


8.90 


3.50 


17.95 


21.45 


19. 
19. 






2.40- 3.40 


6.00 


5.87 


0.74 


8.09 


3.60 


15.68 


19.18 




















40.63 


^1 


" 28 


14 


11.2a-12.23 


6.51 


5.87 


0.81 


8.20 


3.50 


16.00 


19.50 


20.| 






12.23- 1.23 


6.49 


5.85 


0.81 


7.98 


3.50 


15.93 


19.43 
38.93 


22.' 
43J 


Feb. 5 


19 


11.47-12.47 


5.91 


4.92 


0.87 


8.49 


3.50 


13.09 


16.59 


16.^ 






12.47- 1.47 


5.52 


4.99 


0.80 


7.76 


3.50 


13.03 


16.63 
33.12 


16.( 


" 6 


20 


11.30-12.30 


7.37 


6.09 


0.88 


9.49 


3.50 


17.13 


20.63 


u.i 






12.30- 1.30 


7.18 


5.33 


0.98 


8.59 


3.50 


14.88 


18.38 
39.01 


3l1 
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f xix. 

ly temperature. 



Bnd. 



Difference. 



38.06 



37.76 



37.90 



37.96 



38.21 



38.14 



38.12 



38.45 



38.10 



37.73 



-0.20 



-0.19 



-0.30 



+0.06 



+0.08 



-0.11 



-0.11 



+0.30 



-0.11 



-0.34 



Morning 
weight. 



kg. 
10.60 



10.57 



10.57 



10.57 



10.55 



10.52 



10.32 



10.35 



10.27 



10.30 



Behavior of dog. 



Quiet. 

Single movements. 



Quiet. 

Slight movements. 



Moving 1 minute. 
Quiet. 



Slight movement. 
Occasional movement. 



Slight movement. 
Single movements. 



Quiet. 

Moving 3 minutes. 



3 slight movements. 
Quiet. 



Slight movement. 
Many slight movements. 



Quiet. 



Quiet. 



Food. 



Acetic acid, 3 gm.; meat extract, 
2.5 gm.; water, 400 cc. at 
10.40 a.m. 



Basal metabolism. 



Meat extract, 2.5 gm.; water, 
350 cc. at 10.30 a.m. 



Lactic acid, 4.8 gm. ; meat extract, 
2.5 gm.; water, 400 cc. at 
10.17 a.m. 

Lactic acid, 4.8 gm. ; meat extract, 
2.5 gm.; water, 400 cc. at 
10.40 a.m. 

Acetic acid, 3 gm.; meat extract, 
2.5 ,gm.; water, 400 cc. at 
10. 2i a.m. 

Acetic acid, 3 gm.; meat extract, 
2.5 gm.; water, 400 cc. at 
12.35 p.m. 

Water, 400 cc; meat extract 
2.5 gm. at 10.34 a.m. 



Basal metabolism. 



Glycollic acid, 7.6 gm.; meat ex- 
tract, 2.5 gm.; water, 400 cc. 
at 10.35 p.m. 
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Experi- 
ment 
No. 


Time. 


CO* 


0« 


R.Q. 


H,0 


Calories. 


Date. 


Protein. 


Non- 
protein. 


Indirect.' Dii 


19i0 






(7fn. 


am. 




Qffl. 








id 


Feb. 9 


21 


11.20-12.20 


6.72 


6.93 


0.82 


8.36 


3.50 


16.29 


19.79 


« 18 


22 


11.16-12.16 
12.16- 1.16 


7.22 
7.09 


6.55 
5.29 


0.95 
0.97 


9.93 
7.86 


3.50 
3.50 


15.69 
14.74 


19.09 
18.24 
37.33 


15 

i:.l 


" 19 


23 


12.36- 1.36 
1.36- 2.36 


5.84 
5.69 


5.12 
5.19 


0.83 
0.80 


7.66 

7.48 


3.50 
3.50 


13.68 
13.67 


17.08 
17.17 
34.25 


IS. 
IS. 

3: 


Mar. 16 


24 


11.28-12.28 
12.28- 1.28 


6.26 
5.42 


6.30 
5.37 


0.86 
0.73 


10.23 
8.97 


3.21 
3.21 


14.66 
14.30 


17.86 
17.51 
35.37 


15J 
15 
31 i 


" 19 


26 


11.40-12.40 
12.40- 1.40 


5.88 
5.64 


5.15 
5.34 


0.83 
0.77 


9.34 
8.48 


3.60 
3.60 


13.68 
14.04 


17.18 
17.64 
34.72 


17. 
IV 
341 


" 20 


26 


10.57-11.57 
11.57-12.57 


6.99 
7.08 


5.46 
5.76 


0.93 
0.89 


9.58 
8.83 


3.60 
3.50 


16.20 
16.07 


18.70 
19.57 
38.27 


Hi 

17.1 
341 


" 27 


28 


11.00-12.00 
12.00- 1.00 


6.63 
6.64 


5.63 
5.80 


0.86 
0.83 


10.86 
9.99 


3.60 
3.60 


15.43 
16.89 


18.93 
19.39 
38.32 


17.i 
17.3 
34.J 


" 30 


29 


2.28- 3.28 
3.28- 4.28 


5.61 
6.07 


6.19 
6.02 


0.78 
0.73 


9.16 
8.72 


3.50 
3.60 


12.10 
14.62 


17.04 
19.55 
36.59 


17.8 
ly 
36.1 


Apr. 6 


32 


1.06- 2.06 
2.06- 3.06 


6.82 
5.65 


5.41 
6.75 


0.78 
0.71 


8.22 
8.27 


3.60 
3.60 


14.33 
15.19 


17.83 
18.69 
36.52 


17.(1 
18.7 
35 1 


" 8 


33 


12.05- 1.05 
1.05- 2.05 


6.57 
6.26 


5.76 
5.70 


0.83 
0.80 


9.02 
8.91 


3.60 
3.60 


15.72 
15.39 


19.22 
18.89 
38.11 


17.9 
18.S 
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tinned, 

ly temperature. 



End. 



Difference. 



38.48 



37.44 



37.e7 



38.05 



37.90 



37.78 



37.99 



-0.12 



-0.17 



+0.10 



-0.32 



-0.07 



-0.19 



-0.20 



37.76 



38.05 



-0.08 



-0.17 



Mominc 
weight. 



ho. 
10.27 

10.05 
10.05 
10.02 
10.00 

10.01 

10.05 

9.90 

9.85 

9.80 



Behavior of dog. 



Moving 3 minutes. 



1 minute slight action. 
Quiet. 



Slight movement. 
Restless. 



Quiet. 



Slight movement. 



3 minutes slight action. 
2 « « « 



Quiet. 

Slight movement. 



Quiet. 



Quiet. 



Quiet. 



Food. 



Meat extract, 2.5 gm.; water, 
400 cc. at 10.40 a.m. 

Glycollic acid, 7.6 gm.; meat ex- 
tract, 2.5 gm.; water, 400 cc. 
at 10.88 a.m. 

Meat extract, 2.5 gm.; water, 
400 cc. at 10.50 a.m. 



Basal metabolism. 



Meat extract, 2.5 gm.; water, 
400 cc. at 10.50 a.m. Some 
vomited and water given in 
place of vomitus. 

Glycollic acid, 7.6 gm.; meat 
tract, 2.5 gm.; water, 400 
at 10 a.m. 

HCl, 1.8 gm.; meat extract, 
2.5 gm.; water, 300 cc. at 
10.11a.m. 

Basal metabolism. 



Basal metabolism. 



Lactic acid, 8 gm.; NaHCOi, 
8 gm.; meat extract, 2.5 gm.; 
water, 400 cc. at 11.17 a.m. 
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TABU 




Experi- 












Oalories. 


Date. 


ment 


Time. 


CX)i 


Oj 


R. Q. 


HtO 








No. 












Protein. 


Non- 
protein. 


Indirect' Di 

1 


19m 


■ 




OfH. 


Qtn. 




om. 








Apr. 9 


34 


11.28-12.28 


5.99 


5.35 


0.81 


8.91 


3.50 


14.28 


17.78 It 






12.28- 1.28 


5.49 


4.85 


0.82 


8.13 


3.50 


12.63 


16.13 jit 
33.91 S 


" 12 


35 


12.26- 1.25 


5.58 


5.15 


0.79 


8.45 


3.50 


13.49 


16.99 If 






1.25-2:25 


5.82 


5.38 


0.79 


8.06 


3.50 


14.26 


17.76 ! i: 
34.75 3iJ 


" 13 


36 


12.40- 1.40 


6.63 


5.99 


0.81 


11.83 


3.50 


16.39 


19.89 1? 






1.40-2.40 


6.11 


5.44 


0.82 

• 


10.69 


3.50 


14.60 


18.10 i:i 
37.99 ae 


" 20 


37 


11.38-12.38 


7.04 


5.73 


0.89 


10.80 


'3.50 


15.96 


19.46 j i: 






12.38- 1.38 


6.31 


5.43 


0.85 


9.80 


3.50 


14.70 


18.20 1 It 






1.38- 2.38 


6.46 


5.26 


0.89 


9.43 


3.50 


14.31 


17.81 IT 
55.47 l^;'! 


" 21 


38 


1.34r- 2.34 


5.65 


5.10 


0.81 


12.53 


3.50 


13.40 


16.90 j le' 


" 22 


39 


11.16-12.16 


8.35 


7.18 


0.85 


6.96(?)* 


7.91t 


15.82 


23.78 (23' 






12.16- 1.16 


7.77 


6.70 


0.84 


6.96 


7.91t 


14.25 


22.16 1 21^ 






1.16-2.16 


6.33 


5.85 


0.79 


6.41 


6.51t 


12.64 


19.15 
65.09 


19.i 

6U 


May 1 


42 


10.44r-ll.44 


6.56 


5.32 


0.90 


11.26 


3.50 


14.56 


18.06 


19! 






11.44^-12.44 


6.22 


5.81 


0.78 


10.49 


3.50 


15.66 


19.16 
37.22 


ISA 
373 


" 4 


43 


1.02- 2.02 


5.77 


5.09 


0.82 


14.44 


3.50 


13.45 


16.95 


171 


" 10 


44 


11.32-12.32 


9.14 


5.96 


1.12 


12.71 


3.50 


17.61 


21.11 


21.^ 






12.32- 1.32 


9.36 


6.64 


1.03 


12.33 


3.50 


19.72 


23.22 


20J 






1.3:^ 2.32 


9.12 


6.69 


0.99 


11.81 


3.50 


19.77 


23.27 
67.60 


20.i 


" 12 


46 


11.24-12.24 


8.87 


6.68 


0.97 


14.13 


3.5a 


19.64 


23.14 


21.3 






12.24- 1.24 


8.90 


6.04 


1.07 


12.75 


3.50 


17.75 


21.25 


19; 






1.24- 2.24 


9.27 


6.60 


1.02 


11.73 


3.50 


19.57 


23.07 
67.46 


22i 



♦Water 


estimf 


ited. 


1 


t Includ 


ling an 


kino-acid. 
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intied, 

y tenaperature. 



End. 



37.73 



38.01 



38.07 



37.38 



37:84 



38.42 



38.00 



37.85 



38.48 



38.14 



Difference. 



-0.26 
-0.34 
-0.12 

-0.17 
-0.08 

+0.42 

-0.18 
-0.28 



=^0 



+0.10 



Morning 
weight. 



9.90 



9.80 
9.80 
9.67 

9.65 
9.65 

9.60 
9.60 
9.55 

9.65 



Behavior of dog. 



Quiet. 

Quiet. 
« 

Quiet. 

Quiet. 
« 

Quiet. 
Quiet. 



Quiet. 

3 minutes moving. 



Quiet. 



Quiet. 



3 minutes movement. 
3 ** ** 

Slight 



Food. 



Meat extract, 2.5 gm.; water, 
400 cc. at 10.30 a.m. 



Basal metabolism. 



Lactic acid, 8 gm.; NaHCOs, 
7.6 gm.; meat extract, 2.5 gm.; 
water, 400 cc. at noon. 

Sodium glycocholate, 10 gm.; 
meat extract, 2.5 gm.; water, 
400 cc. at 11 a.m. 



Basal metabolism. 

Glycine, 9.55 gm.; NaHCO,, 10.7 
gm.; meat extract, 2.5 gm.; 
water, 300 cc. at 10.33 a.m. 



NaHCOj, 8 gm.; meat extract, 
2.5 gm.; water, 300 cc. at 
10. 10 a.m. 

NaHCOs, 8 gnu; meat extract, 
2.5 gm.; water, 300 cc. at 
11.08 a.m. 

Glucose, 50 gm. ; lactic acid, 8 gm. ; 
meat extract, 2.5 giXL; water, 
400 cc. at 10.35 a.m. 



Glucose, 50 gm.; lactic acid, 
8 gm.; meat extract, 2.5 gm.; 
water, 400 cc. at 10.30 a.m. 
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Date. 

ton 
May 13 



17 



19 



20 



Experi- 
ment 
No. 



47 



48 



49 



50 



Time. 


COt 


O, 


R.Q. 




om. 


gm. 




11.38-12.38 


8.80 


6.36 


1.01 


12.38- 1.38 


8.96 


6.42 


1.02 


1.38-2.38 


8.18 


6.21 


0.96 


11.05-12.05 


9.46 


6.93 


0.99 


12.05- 1.05 


9.72 


7.35 


0.96 


1.05- 2.05 


7.86 


6.42 


0.89 


11.24-12.24 


9.57 


7.43 


0.94 


12.24- 1.24 


9.52 


6.94 


1.00 


1.24- 2.24 


7.56 


5.82 


0.94 


11.28-12.28 


9.04 


6.55 


1.00 


12.28- 1.28 


8.78 


6.27 


1.02 


1.28-2.28 


8.26 


5.86 


1.03 



HtO 



gm. 
13.81 
12.87 
11.73 



12.04 
12.33 
11.84 



14.18 
12.99 
12.01 



15.27 
13.51 
13.12 



CaloriflB. 



Protein. 



3.50 
3.50 
3.50 



3.50 
3.50 
3.50 



3.50 
3.50 
3.50 



3.50 
3.50 
3.50 



Non- 
protein. 



18.66 
18.90 
17.95 



20.63 
21.96 
18.32 



22.08 
20.68 
16.52 



19.32 
18.39 
16.96 



Indirect. 



22.16 
22.40 
21.45 
66.01 

24.13 
25.46 
21.82 
71.41 

25.58 
24.18 
20.02 



69.78 

22.82 
21.89 
20.46 
65.17 
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IC 


l^Lded. 






Kly temperature. . 


Morning 
weight. 




End. 


Difference. 




38.18 
38.21 


+0.05 
-0.06 


9.70 
9.70 


\ 


38.33 


+0.28 


9.70 


r 


38.14 


+0.17 


9.72 



Behavior of dog. 



Quiet. 

1} minutes moving. 

Quiet. 



Restless. 
Quiet. 



3 minutes movement. 

Quiet. 

3 minutes movement. 



Food. 



Glucose, 58 gm.; meat extract, 
2.5 gm.; water, 400 cc. at 
10.40 a.m. 



Glucose, 50 gm.; acetic acid, 
3 gm.; meat extract, 2.5 gm.; 
water, 400 cc. at 10.05 a.m. 



Acetic acid, 3 gm.; glucose, 50 
gm.; meat extract, 2.5 gm.; 
water, 400 cc. at 10.25 a.m. 



Glucose, 58 gm.; meat extract, 
2.5 gm.; water, 400 cc. at 
10.40 a.m. 
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of fatty acid by /S-oxidation; it renders questionable the idea that 
acetie acid is an inteimediary product of glucose metabolism. 

I wish to express my obligation to Miss Sophia A. Taistra who 
made the urinary analyses and assisted in the entire work. 
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THB INFLUENCE OF ACIDS UPON THE CARBON DIOXIDB-COM- 
BINING POWER OF THE BLOOD PLASMA. 

Bt SOPHIA A. TAISTRA. 

(Prom the Physiological Laboratory of Cornell Univereity Medical College, 

New York CUy.) 

(Received for publication, October 13, 1921.) 

The demonstration by Lusk (1) that the ingestion of glycine 
and alanine caused great increases in the heat production has led 
to the question, considered in the last paper, whether acid radicles 
are the cause of those increases in metabolism defined under the 
head of the specific dynamic action of foodstuffs. In former 
papers of this series the influence of the concentration of glucose, 
amino-acids, and of fat in the blood, as bearing upon the intensity 
of the metabolism of those substances in the cells, has been dis- 
cussed. This paper deals with the reduction in the quantity of 
sodium bicarbonate in the blood after administering acid sub- 
stances to Dog XIX in quantities which are comparable with the 
amounts which were given to it in the calorimeter experiments 
described in the last paper. It is known that the reduction in 
alkali reserve of the blood plasma does not change the actual 
hydrogen ion concentration of the medium. The method used 
was to determine the change in the carbon dioxide-combining 
power of the plasma with the apparatus of Van Slyke. 

Van Slyke, Stillman, and Cullen (2) have found in man that, 
after taking a *' mixed diet" at breakfast, the CCVcombining 
power of the blood was Usually increased, which does not indicate 
a production of acid metabolites as a cause of the specific dynamic 
action of the ingested food. 

The different substances were always given in a broth contain- 
ing Liebig's extract of beef. The results may thus be tabulated: 
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It is evident from this that glucose, 50 gm., and acetic acid, 
3 gm., which cause the greatest increases in metabolism, have no 
effect whatever upon the carbon dioxide-combining power of the 
blood, whereas glycoUic acid, lactic acid, and hydrochloric acid, 
which have comparatively little influence upon the heat produc- 
tion, produce a profound depression of the COs-combining power. 
The specific dynamic influence of the foodstuffs is therefore not 
attributable to the introduction of acid metabolites in the blood 
stream. Chart 1 illustrates these relations. 

The absence of any effect upon the COj-combining power after 
giving acetic acid indicates its rapid utilization. The fact that 





TABLE II. 








Influence of Various Metabolites upon the AcidUy of the Urine of Dog XIX. 




* SUt« of nutrition. 


Volume 
of broth 


Urine. 


Ezperi- 
mant 






O.lN 

alkaliin 


No. 




giyen. 


Period. 


Volume. 


CO. per 

hour to 

neutralise 

urine. 






ce. 


Ar«. 


ee. 


CO. 


1 


Liebig's extract, 2.5 gm. 


500 


5 


406 


6.3 


2 


Glucose, 50 gm. 


400 


4 


365 


2.6 


3 


60 " 


160 


4 


155 


1.8 


4 


Acetic acid, 2.6 gm. 


600 


2 


390 


6.0 


5 


it a ^ u 


400 


2 


270 


6.3 


6 


GlycoUic acid, 7.6 gm. 


400 


2 


245 


25.6 


7 


Lactic acid, 8 gm. 


500 


6 


526 


12.3 




it U Q « 


600 


4 


340 


12.3 


10 


HCl, 0.8 gm. 


200 


4 


145 


4.4 




HCl, 1.6 " 


300 


4 


225 


11.8 



glucose, given in the excess here provided, causes no change in 
the C02-combining power, indicates that no lactic acid can be 
produced from it in such a manner as to influence by neutraliza- 
tion the alkaU reserve of the blood. If lactic acid is formed intra- 
cellularly or upon the surface of the cell during the metabolism 
of glucose, thereby producing a stimulation of metabolism, its 
effect must be strictly local as it cannot modify the alkaline re- 
serve of the blood. The above experiments demonstrate that 
lactic acid, if it once enters the blood, may cause a significant 
fall in the alkali reserve. 
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In several of the above experiments the urine was titrated to 
the neutral point, using 0.1 n NaOH against phenolphthalein as 
indicator. 

The results appear in Table II. 

The figures here reported merely emphasize the fact that after 
giving glucose and acetic acid the blood is under no necessity of 
compensating for a gain in acid radicles by eliminating such 
through the kidney, whereas in the case of glycoUic and lactic acids 
such a stress is indicated. 

CONCLUSION. 

The specific dynamic action of the foodstuffs is not dependent 
upon the level of the alkaline reserve of the blood plasma as meas- 
ured by its C02-combining power. 
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Twentieth Paper. 

THE INFLUENCE OF THE INGESTION OF MEAT AND OF GLYCINE 

AND ALANINE UPON THE CARBON DIOXIDE-COMBINING 

POWER OF BLOOD PLASMA. 

By ALFRED CHANUTIN. 

{From the Physiological Laboratory of Cornell Univeraity Medical College, 

New York CUy.) 

(Received for publication, October 13, 1921.) 

The problem is but an extension of that presented in the last 
two papers and may be stated in the words: Do the amino-acids 
formed after the ingestion of meat by a dog so reduce the alkali 
reserve of the blood that this becomes a contributing cause of the 
great increase in heat production known as the specific djmamic 
action of meat? Hasselbalch (1) observed a lower COj tension of 
the alveolar air after administering a meat diet to a man than 

TABLE I. 

Influence of Meaty Glycine, and Alanine Ingestion upon the COr^ombining 
Power of the Blood Plasma of the Dog, 









CX)«-combining power of 100 oo. of plasma. 












Date. 


ment 
No. 


State of nutrition. 


i 

CO 


Hre. after the start. 




1 


2 


3 


4 


5 





1990 








cc. 


ee. 


ec. 


ec. 


ce. 


ce. 


Sept. 27 


1 


Beef, 940 gm. 


59.8 




68.7 




63.0 




63.4 


Oct. 6 


2 


" 810 " 


64.8 


71.3 


61.6 




63.0 


64.6 


66.6 


" 14 


3 


" 1,000 " 


61.9 


63.8 


64.8 


69.4 


68.4 


67.5 


61.0 


Wit 




















May 21 


4 


" 1,000 " 


65.0 


65.5 


69.4 




70.3 




69.4 


" 11 


5 


Glycine, 15 gm. 


58.4 


63.3 


64.2 




62.2 






" 13 


6 


" 15 " 


62.9 


69.6 


64.7 




60.9 






Apr. 13 


7 


Alanine, 15 gm. 


65.7 


69.5 


67.6 










May 9 


8 


15 " 


65.9 


67.8 


67.8 




66.8 


65.0 
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after giving an alkaline vegetarian diet, which might be interpreted 
as signifying that the latter caused a greater increase in the 
alkaUne reserve than was brought about by the meat diet. 

The amino-acids were administered as heretofore in a warm 
broth containing 2.5 gm. of Liebig^s extract and 500 cc. of water. 

It is apparent from Table I that there is always an increase 
in the C02-combining power of the blood following the ingestion 
of meat, of glycine, or of alanine. The broth itself was without 
influence. 

It is possible that the interpretation of Erdt (2) is correct, 
that the rise in the COj tension in the alveoli which follows the 
taking of a meal is due to the secretion of hydrochloric acid by 
the gastric juice. 

CONCLUSION. 

It is apparent that the ingestion of meat or of amino-acid de- 
rivatives of meat may materially increase the alkali reserve of 
the organism of a dog, as measured by the COj-combining power 
of the blood plasma. Since the administration of bicarbonate of 
sodium has no influence upon the heat production of a dog (Paper 
18), it is evident that the great increase in the heat production 
which takes place during the hours inmiediately after the inges- 
tion of meat in not determined by any change in the alkaline 
reserve of the blood, nor can such change be interpreted as being 
even a participating element in the causation of the phenomenon. 

BIBLIOGRAPHY. 

1. Hasselbalch, K. A., Biochem. Z., 1912, jdvi, 403. 

2. Erdt, H., Deutsch. Arch, klin, Med., 1915, cxvii, 497. 



Digitized by 



Google 



Rei>rint«d from Thb Joxtbnai. of PBABMiooLoaT axd Expbbimiimtal Thbrafsutics 
Vol. XIX. No. 5, June. 1922 



ANIMAL CALORIMETRY 
Twenty-First Paper 

THE INFLUENCE OF MORPHINE UPON HEAT 
PRODUCTION IN THE DOG 

ALFRED CHANUTIN and GRAHAM LUSK 
With the Tbchnical Assistancb of Mb. James Evbnden 

From ih» Physiological Laboratory of Cornell University Medical Collegey 

New York City 

Received for publication October' 15, 1021 
I. INTRODUCTION 

Ordinary observation of the action of morphine on the organ- 
ism would naturally lead to the conclusion that the metabolism 
is lowered, since there is a lessened rate of respiration, slower 
pulse and a lower body temperature. The evidence at hand, 
however, is inconclusive. 

Von Boeck (1) in 1871 determined the influence of morphine on 
the protein metabolism of a dog in nitrogen equiUbrium and 
concluded that it was reduced by 6 per cent. Underbill, Gold- 
schmidt and Blatherwick (2), however, foimd a definite increase 
in the urinary nitrogen output after injecting morphine in a 
starving dog. 

Bloor (3) found that the fat content of the blood was imchanged 
during morphine narcosis but that a lipemia resulted two days 
later. 

Luzzatto (4) and Araki (5) first demonstrated the presence 
of a reducing sugar in the urine of rabbits and dogs after large 
doses of morphine. A study of the blood-sugar content was 
made by Ross (6) after injections of morphine (10 mgm. per 
kilogram body weight). The analyses were continued until one 
and a half hours after the injections, but no results are given to 
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indicate when the normal blood-sugar level was restored. A 
maximum increase of 77 per cent in the blood-sugar content was 
obtained one and one-half hours after the injection of morphine. 

The output of carbon dioxide and the consimiption of oxygen 
in cats and dogs after administering morphine were studied 
by von Boeck and Bauer (7) as early as 1874. They foimd that 
there was an increased respiratory exchange in the excited cat 
but that in the narcotised dog the carbon dioxide output was 
reduced 27 per cent and the oxygen consumption, 34 per cent. 
Voit (8) concludes from these results that morphine aflfects 
metabolism only indirectly because of decreased muscular 
activity; that in narcosis, as in sleep, there is a reduction in the 
production of heat. Normal control animals were not at that 
time restricted in their movements during the measurement of 
their metabolism. 

The oxygen consumption of two human beings in normal and 
morphine sleep was studied by Loewy (9) and in both cases 
there was found to be a slight decrease of oxygen utilization after 
morphine administration. He concludes that morphine does 
not materially aflfect the respiratory exchange. Higgins and 
Means (10) obtained diabetic quotients on themselves after 
therapeutic doses of morphine. The experiment was continued 
for two hours after administration of the drug. The respiratory 
exchange showed no alteration in the consumption of oxygen, 
but there was a marked drop in carbon dioxide elimination. 

The alkali reserve of the blood plasma is either imaltered 
or slightly depressed during sleep (CoUip (11)). Hjort and 
Taylor (12) and Gauss (13) found an increased alkali reserve in 
narcotized dogs after morphine. 

The purpose of this investigation is to study the effects of 
subcutaneous injection of morphine upon the basal metabolism 
of dogs. 

II. METHODS 

Two trained calorimeter dogs, which had received the'' stand- 
ard diet" at 6 p.m. the day previously, were used in these 
experiments. Doses varying from 12 mgm. to 20 mgm. of mor- 
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phine (in 2 per cent solution) per kilogram body weight were 
injected subcutaneously, and the dog was placed in the calorim- 
eter immediately after vomiting and defecation had ceased. 
The urine for the period was collected by catheterization. 

The basal metabolism was determined at frequent intervals 
about eighteen hours after administration of a standard diet 
when the dog was resting quietly in the calorimeter at a tempera- 
ture of 26°C. It is important to note that the trained dog re- 
mains quiet or asleep throughout the experiment. 

ni. BASAL METABOLISM 

The determinations of the basal metabolisms of the two dogs 
may be summarized as shown in table 1. 

TABLE 1 
Basal metabolisms of dogs XVIII and XIX 



KDMBBB OF 



H0UB8 0P 
BZPBBIlffSMT 



Indirect 



Direct 



Dog XVIII 



76A 

77 
78 
80A 


February 11 
February 12 
February 17 
February 26 


2 
2 
2 
1 


0.82 
0.75 
0.82 
0.83 


32.36 
32.24 
34.31 
17.12 


30.46 
30.83 
37.47 
17.04 


Slim 


7 




116.03 


116 79 






Average p 


•er hour 




0.81 


16.68 


16.64 











Dog XIX 



66A 

67 

69 


February 4 
February 16 
February 23 


2 
1 

2 


0.79 
0.82 
0.86 


34.68 
17.47 
36.38 


32.71 
18.09 
36.46 


Sum 


6 




87.43 


87.26 






Average p 


ler hour 




....0.82 


17.49 


17.46 











These results may be compared with former determinations 
upon these dogs as follows: 
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Date. 



Weight in kilograms 

Calories of metabolism 

Present series (19B1): 

Weight in kilograms. . . . 

Calories of metabolism. 



Doo xnii 



Exp. 67, May 9, 
1919 
10.8 
16.6 

11.05 to 10.65 
16.56 



Jan. to Apr., 10^ 

10.6 to 9.6 
17.61 

9.65to9.15 
17.49 



Two years of continuous confinement in a metabolism cage 
did not change the basal metabolism of dog XVIII. 



IV. ADMINISTRATION OF MORPHINE 

The two dogs behaved differently after administering morphine. 
Dog XVIII was usually absolutely quiet throughout the period 

TABLE 2 
Influence of morphine upon the hasal metabolisms of dogs XVIII and XIX 



NUUBBB 
OF BXPBRI- 


DATS 


BOUBB 

OF BXPBRZ> 

MBNT 


MOBPHWB 

PBR 
KILOGBAM 


R. Q. 


0ALOBIB8 


1IB24T 


Indirect 


Direct 


Dog XVIII 


76B 

79 

SOB 

81 


February 11 
February 18 
February 25 
March 1 


3 
4 
3 
3 


tngm. 
15 
15 
15 
15 


0.79 
0.85 
0.84 
0.78 


47.29 
62.17 
44.81 
47.91 


40.73 
61.91 

? 
47.86 


Sum 


13 






202.18 








Ayerag< 


5 per hour 






0.82 


15.55 












Dog XIX 


55B 
58 
60 
61 


February 4 
February 16 
February 24 
February 28 


2 
3 
2 
4 


12 
20 
15* 
16t 


0.90 
0.87 
0.84 
0.82 


35.23 
61.18 
43.00 
74.90 


33.55 
54.83 
42.67 
74.50 


Sum 


11 






214.31 


205.55 






Average 


B per hour 






0.86 


19.48 


18.69 










•With 
tWith 


ether and chloroi 
ether. 


orm. 
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of experimentation, whereas dog XIX showed increased irrita- 
bility, with heightened reflexes. An attempt was made to more 
heavily anesthetize this animal by giving ether or ether and 
chloroform but without entire success. 

The results obtained may be summarized as shown in table 2. 

These results diow that in dog XVIII the administration of 
morphine reduced the basal metaboUsm from 16.56 to 16.64 
calories per hour, an average fall of 6.2 per cent; whereas in dog 
XIX the metabolism was increased from 17.49 to 19.48 calories, 
a rise of 10 per cent. 

If one considers the heat production in the first experimental 
hours in the morphine experiments upon dog XVIII one finds an 
average of 14.7 calories per hour. This represents an average 
reduction of 11 per cent in the basal metabolism of this dog. 
The metabolism usually returned to the normal basal level in 
the third and fourth hours, even though the body temperature 
was lowest during these hours, as may be seen below: 



Doa xviii 


SXPaRIHEMT 

7«B 


SXPERIHCNT 
7» 


SXPXRIMBMT 
SOB 


BXPBBXIIBMT 
81 


▲ySRAOB 

BBDUCriON 

BBLOW THB 

BASAL TALUB 


2iid hour....... 

3rd hour 

4th hour 

6th hour 


14.44 

16.42* 

16.42* 


14.73 
16.22 
16.38 
16.84 


13.71 

16.78 
16.32 


16.80 
16.08 
17.03 


per cent 

11 
6 

4 



* Not separately determined. 

In the excitable dog XIX no analogous diminution of metabo- 
lism was noted. The highest metabolism, at the rate of 21.5 
calories per hour, was observed when morphine, chloroform 
and ether were administered together. This is an increase of 
4 calories, or 23 per cent, above the basal metabolism. As the 
activity of the dog was less than when morphine and ether were 
given together one may surmise a calorigenetic action on the 
part of chloroform. The usual fall in body temperature did not 
occur in this experiment, so this factor as an element in reducing 
metabolism w:as not in. evidence. 
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The respiratory quotients in dog XIX rose somewhat after 
the administration of morphine. This may be due to the well- 
known preference of active muscle for carbohydrate. In dog 
XVIII, at least, the great increase in blood-sugar after giving 
morphine, which was reported by Ross, apparently had little 
efifect qualitatively or quantitatively upon the metabolism of 
the animal. 

V. THE BiANNER OP HEAT LOSS 

During the determination of the basal metabolism it is often 
noted that the rectal temperature of the quiet dog falls a few 
tenths of a degree. Such a fall denotes a loss of the body's 
heat to the external air by radiation and conduction. After the 
admiI^stration of morphine the body temperature of the dogs 
fell between 0.95 and 2.06°C. during the experimental periods, 
except in the one instance already mentioned when ether and 
chloroform were also administered. 

In experiment 77, in which a determination of the basal metabo- 
lism was made on dog XVIII, 23.82 (72 per cent) calories were 
eliminated by radiation and conduction and 9.21 (28 per cent) 
by vaporization of water from the lungs, a total of 33.03 calories 
in two hours. The calculated metabolism of the period was 32.24 
calories. The dog's body lost in temperature 0.24°C., as meas- 
ured by the rectal thermometer, a loss which is the equivalent 
of 2.2 calories eliminated from his body. [1 1 (kgm. body weight) 
X 0.83 (specific heat of the body) X 0.24 (fall in body 
temperatiu-e) = 2.2 calories eliminated.] Deducting this from 
the 33.03 calories ''eliminated," one obtains 30.83 calories as 
calories "produced," which are the calories directly measured. 
In long experiments, in which the chianges in the body tempera- 
ture play a negligible part in the results obtained, the calculated 
calories (indirect calorimetry) correspond with the calories pro- 
duced (direct calorimetry). The body temperature is best 
measured by the rectal thermoneter, but there are evidently 
indeterminable factors here which render exactness impossible. 
If one assimies that the above calculation by indirect calorimetry 
gives the more correct value of the actual amount of heat pro- 
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duced, then one may state that of the 32.24 calories which were 
produced 33.03 were eliminated; also, that when 100 were 
produced 74 were lost by radiation and conduction, 29 by the 
evaporation of water, a total of 103. Three per cent more 
calories (0.79 calorie) were therefore eliminated than were 
produced. 

Understanding these principles, one may analyze from the 
accompanjdng table 3 the profound losses of heat from the dog's 
body after giving morphine. For example, in experiment 81 
on dog XVIII the rectal thermometer indicates a cooling of the 
dog's tissues which corresponds to a loss of 18.12 calories during 
three hoiu^. Indirect calorimetry indicates a production of heat 
amounting to 47.91 calories, while the heat loss measured by the 
calorimeter was 65.98 calories, or 18.07 calories more than were 
produced, as estimated by indirect calorimetry. The results 
check perfectly. Thirty-six per cent more calories were lost 
from the body than were produced. More heat was lost by radia- 
tion and conduction alone (106 per cent) than was produced 
during the interval. All this indicates a distribution of heat to 
the area of the skin by relaxed blood vessels. The demonstrated 
increased loss of heat by radiation and conduction from the skin 
recalls the dilation of the superficial blood vessels in man after 
the administration of Dovers powder, which contains morphine 
and ipecac. Though the heat eliminated per hour is 22 calories, 
or 32 per cent above the basal level, the heat production is 16 
calories, or only 4 per cent below that level. The reduction of 
metabolism by approximately half a calorie an hour cannot 
possibly be the cause of a loss of 6 calories per hoiu* with the 
consequent fall in body temperature. The relative methods of 
heat loss are not materially changed from the normal, for 22 
per cent of the calories were eliminated by vaporization of water, 
78 per cent by radiation and conduction. The average of the 
four normal periods shows a heat loss of 26 per cent by the vapori- 
zation of water. 

In experiment 80B the average heat loss from the body is 
4.6 calories per hour above the heat production as calculated by 
the indirect method, whereas this heat production is only 1.6 
calories below the basal level. 
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Perhaps even more striking are the results upon the irritable 
dog XIX. Calculated by the same method there is an hoiu-ly 
excess of heat loss of 2 calories from the animaPs body in experi- 
ment 58, despite an increase in the heat production of 2.90 
calories above the basal level. The heat loss by vaporization of 
water was 21 per cent, in contrast with 23 per cent as the average 
of three determinations of the basal metabolism. 

The results of all the experiments in which morphine was 
given may be briefly condensed into table 3. 

Consideration of tin? table shows that, except in the case in 
which chloroform was also administered, there was in every 
instance following the administration of morphine a loss of heat 
from the body which was not compensated for by a correspond- 
ing increase in metabolism, as is normally the case. This loss 
of heat occurred in a quiet resting dog (dog XVIII) despite 
the fact that the decrease in heat production was relatively 
slight; and it occurred also in the dog with heightened reflexes 
despite the increase in metabolism. 

VI. ALCOHOL CHECKS 

The validity of the work here presented is supported by the 
following alcohol checks. The calculated heat production and 
the theoretical oxygen consumption were estimated from the 
carbon dioxide production of the burning alcohol. 

TABLE 4 

Average of alcohol checks 



NTTlfBBB OF 


DATS 


B. Q. 


PBBCBNT 
BBBOB ON Ot 


CALOBIES 




Indirect 


Direct 




tm 










84 


January 24 


0.671 


-0.6 


68.20 


67.98 


85 


February 3 


0.661 


+2.4 


68.50 


67.04 


86 


February 8 


0.650 


+2.6 


65.05 


62.19 


88 


February 10 


0.667 


=fcO 


43.32 


41.45 


89 


March 2 


0.658 


+1.3 


70.83 


69.41 


90 


March 3 


0.676 


-1.3 


34.54 


38.21 






0.662 


+0.7 


350.44 


346.28 
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Although these alcohol checks are by no means perfect, it is 
evident that in general the results obtained by the calorimeter 
must have been trustworthy during the month of February 
when the experiments showing the influence of morphine upon 
the metabolism of dogs were accomplished. 

VII. SUMMARY 

1. Two dogs reacted differently to doses of between 12 and 
20 mgm. of morphine per kilogram of body weight. 

2. Dog XVIII, which remained absolutely quiet in morphine 
sleep, showed during the second hour after treatment an average 
fall in the heat production of 11 per cent below the basal level, 
for the third hour 6 per cent, for the fourth hour 4 per cent. 
The average reduction for all the periods was 6.2 per cent. 
The respiratory quotients were unchanged by administration of 
morphine. 

3. In a typical experiment upon this dog the heat production 
was 0.6 calorie per hour less than the basal value of 16.6 calories, 
but the animal lost from its body to the calorimeter 6 calories 
per hour, or 32 per cent, more than it produced. The decrease 
in heat production cannot therefore be the cause of the fall in 
body temperature. There was no abnormal condition in the 
division of heat loss as between radiation and conduction and 
the evaporation of water. 

4. Dog XIX manifested increased irritability with heightened 
reflexes after administering the drug. The basal metabolism 
increased by an average of 10 per cent. The maximum increase 
was 23 per cent after administering morphine, ether and chloro- 
form. The respiratory quotients were higher after giving mor- 
phine to this dog, perhaps due to the preference of the active 
muscle for carbohydrate. 

6. The increase in the metabolism of this irritable dog did not 
prevent a loss of body heat and consequent fall in body tempera- 
ture after giving morphine. The pathways for the distribution 
of the heat loss were relatively unaltered. 

6. In one experiment when morphine, ether and chloroform 
were given together there was no change in the body temperature. 
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Twenty-second Paper. 
THE PRODUCTION OF FAT FROM PROTEIN. 

By H. V. ATKINSON, DAVID RAPPORT, and GRAHAM LUSK. 

With the Technical Assistance of G. F. Sodbrstrom and 
James Evenden. 

(From the Physiological Laboratory of Cornell University Medical College, 

New York City.) 

(Received for publication, April 21, 1922.) 

In the second paper of this series Williams, Riche, and Lusk 
(1) described experiments which showed the houriy metabolism 
of a dog after giving 1,200 gm. of meat. The dog weighed 13.5 
kilos and was maintained by administering 1,200 and 700 gm. of 
meat on alternate days. When given the larger quantity of meat, 
which contained about 1,200 calories, the heat production was 
about 800 calories daily, the dog resting quietly. The protein 
content of the meat was the equivalent of 900 calories. It follows 
that the protein ingested was alone more than sufficient for the 
dog's needs. However, when 700 gm. of meat were given the 
heat production of the resting quiet dog was about 700 calories 
daily^ the ingested meat contained the same number of calories, 
while the protein element contained only 525 calories. Under 
these latter conditions one would not expect any permanent re- 
tention of glycogen derived from the protein metabolism of this 
dog during a day of ordinary activity following the administra- 
tion of 700. gm. of meat. 

The conditions were therefore favorable for the deposit of 
glycogen in the liver following the administration of 1,200 gm. of 
meat. As a matter of fact, during a period of 14 hours after the 
administration of this large amoimt of meat there was much 
less carbon eliminated in the respiration than corresponded to the 
protein metabolism of the time as measured by the excretion of 
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nitrogen in the urine. That this carbon was retained in the form 
of glycogen was proved by the fact that the quantity of oxygen 
absorbed agreed with this hypothesis, and that the heat calculated 
on the basis of a retention of glycogen agreed with the heat as 
measured by the calorimeter. 

The Work of Atkinson and Lusk. 

Fat Formation. — Atkinson and Lusk (2) performed a long 
series of experiments with the object of discovering the quality 
of the material retained when, after giving meat in large quantity 
to a dog, the amount of protein metabolism was in excess of the 
fuel needed for the heat production of the time. 

A r6sum^ of these experiments is given in Table I. 

It will be remembered that when the protein of meat is oxidized 
in the body the respiratory quotient is 0.801. 

It is evident from the table that in ten out of twelve experiments, 
after giving meat amounting to between 700 and 1,300 gm. daily, 
the respiratory quotients varied between 0.787 and 0.808, as 
appears below: 



Experiment No. 

R.Q 

R. Q. of deposit. 



31 
0.787 
0.960 



48 
0.793 
0.860 



54 
0.794 
0.860 



51 
795 



47 
0.795 
0.840 



46 
0.796 



55 
0.797 
0.830 



30 
0.800 
0.830 



34 

0.800 
0.830 



32 

0.808 
0.770 



In Experiments 51 and 46 there was no retention of protein 
carbon, whereas in six of the experiments the retained carbon was 
held in such a form that, had it been oxidized, it would have 
yielded respiratory quotients of between 0.83 and 0.86, which 
indicates the retention of a pabulum containing only about half 
of its calories in fat and half in carbohydrate. By weight this 
would indicate the retention of approximately 1 gm. of fat to 
every 2 gm. of glycogen. 

Only after the ingestion of meat in very large quantities — 
1,100 and 1,300 gm. — was there evidence of the conversion of 
protein into fat as the dominant feature of the process. This 
appears below: 



Experiment No.. 

R.Q 

R. Q. of deposit. 



33a 


336 


56 


0.831 


0.843 


0.826 


0.680 


0.490 


0.710 
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As the respiratory quotient of fat is 0.707, the above results 
warranted the conclusion that in the case of excessive ingestion of 
meat by a dog the retained pabulum might be laid down as fat 
when the circumstances were favorable. It was noted that it 
was very difficult to induce the dog to take meat in these very 
large quantities. 

During the period of experimentation twelve alcohol checks 
were made. The average of all the respiratory quotients was 
0.668 (theory 0.667) and the heat recovered was 0.3 per cent 
greater then the heat calculated to be obtainable from the com- 
bustion of the alcohol. 

The extent of the hourly retention of carbon calculated from the 
protein metabolism (measured by the urinary nitrogen) and the 
COj output of the period bear no relation to the total heat pro- 
duction, as appears in the following tabulation: 



Experiment No . . 


66 


47 


34 


30 


48 


64 


66 


33a 


31 


32 


Protein C re- 






















tained, gm 


0.91 


0.77 


0.70 


0.66 


0.61 


0.59 


0.69 


0.66 


0.48 


0.32 


Calories of me- 






















tabolism 


32.00 


29.90 


34.00 


31.60 


29.4a 


31.10 


31.60 


31.70 


34.30 


34.90 



It is well known that the deposition of glycogen does not in- 
crease the heat production. In Experiments 33a and 56, in which 
fat appeared to be the sole material deposited, the heat production 
was no higher than in Experiments 55, 47, 30, 48, 54, and 31, 
when fat and glycogen were laid down in about equal caloric 
equivalents. 

It is therefore apparent that the specific dynamic action of pro- 
tein is not due to the formation or deposition of synthetically formed 
giycogen or fat. 

Basal Metabolism and ^'Deposit Protein," — ^'Deposit protein" 
is that quantity of protein which is held in the body after exces- 
sive protein ingestion, and which is gradually eliminated from the 
cells in which it is stored upon the cessation of a high protein diet. 
Historically it is the same as Voit's ''circulating protein.'' Bene- 
dict, Miles, Roth, and Smith (3) were the first to associate the 
loss of ''deposit protein'' — ^which they called "surplus cellular 
nitrogen" — ^with a reduction in the total metabolism of men. 
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5, 6, 7 after 1 day's fast. 

5,6,7 

5 to 8 




5 to 8 after 4 days' fast. 

5 to 8 

5 to 8 

5 to 8 after 1 day's fast. 






d d 




0.86 
0.83 
0.71 


■ • 


odd 
+ + 




+0.59 
+0.91 
+0.59 




28.10 
30.77 
30.27 


sis 


C5 CO CO CO 


1—1 


26.57 
29.90 
29.37 


S8 


27.04 
31.07 
31.97 
31.62 


?^. 


0.796 
0.795 
0.793 


o o 
d d 


t* l> t>- CXD 

O G <6 c> 


1 




1.02 
1.44 
1.35 


sss 

d d 


1.02 
1.41 
1.58 
1.47 


CO CO '^ 


w w 


^ ^ ^ ^ 


Meat, 1,200 gm. 
" 800 " 
800 " 


« 


Meat, 800 gm. 
" 800 " 
" 1,000 " 
" 1,300 " 


Mar. 17 
" 18 
" 19 


2 5 


" 28 

Apr. 15 

" 16 

" 19 


§5:§. 


?s 


io S S 3? 



Qi 
JS 
•♦» 
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B 
d. 
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TABLE n-TAc Effect of Meat Infti 


Date. 


Experiment 
No. 


Time. 


CO, 


0, 

gm. 

7.34 
6.70 

4.17 
4.28 

5.14 
5.32 
5.38 

7.03 
4.80 

8.95 
8.93 
8.75 


R.Q. 

0.664 
0.669 


Hrf) 


Urine 

N. 


Non-proteia. 




CO, 


0, 


R.Q. 


Pro- 
tein, 


^ 


t9t0 

Mar. 26 


80 


12.24- 1.28 
1.28- 2.28 


gm. 

6.70 
6.16 

4.93 

4.80 

10.10 
10.45 
10.56 


gm. 

4.84 
4.24 


gm. 


gm. 


gm. 












0.667 

0.860 
0.816 

0.842 
0.845 
0.845 

0.844 

0.667 
0.676 

0.670 

0.664 
0.659 
0.666 












Apr. 14 


68 

Dog 

XVIII 


12.48- 1.48 
1.48- 2.48 


7.48 
6.76 

11.83 
11.94 
10.69 


0.103 
0.103 






0.875 
0.819 

0.708 
0.688 
0.685 


2.73 

2.73 

38.17 
38.17 
38.17 


u 
-11 

-M 












Apr. 17 


70 
Dog 
XVIII 


12.40- 1.40 
1.40- 2.4C 
2.40- 3.40 


1.440 
1.440 
1.440 


-3.36 
-3.01 
-2.90 


-3.45 
-3.18 
-3.08 








4.57 
3.06 

6.14 

5.87 
5.78 








0.694 






Apr. 19 


81 


3.04- 4.04 
4.04- 4.44 


6.45 
4.46 

8.17 
8.09 
8.01 


























— ■ 


t9it 
Mar. 6 


141 


1.41- 2.41 
2.41- 3.41 
3.41- 4.41 
















0.663 














Mar. 8 


142 


11.26-12.26 
12.26- 1.26 


8.33 
8.27 


8.98 
9.21 


0.674 
0.653 


6.12 
5.94 


1.80 
1.80 
















11.54 
11.73 


10.36 
9.97 


0.664 




-4.88 
-5.27 




Mar. 8 


75 
Dog XIX 


2.50- 3.50 
3.60- 4.50 


0.810 
0.856 

0.833 


13.86 
13.19 


-5.32 
-5.13 


0.786 
0.708 

0.749 


47.80 
47.80 


-1 

-1 






















Mar. 11 


144 


10.21-11.21 
11.21-12.21 


7.75 
7.66 


8.53 
8.41 


0.661 
0.662 

0.662 


5.97 
5.65 

































* Calorimeter cold. 
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mrly Meiabolism. Series II, 





Body 
t6iiip6fAtiiro. 


Mora. 
weSlt. 


Behavior 
ofdos. 




Diieet. 


Start 


End. 


Food. 


24.50 
21.95 






ko. 






46.45 


37.81 


37.45 








12.76 
14.31 


8.57 


Quiet. 


Basal metabolism: 


27.07 












27.52 
29.07 
28.73 


38.48 




Quiet. 


1,000 gm. of meat at 8.33 a.m. 3rd day of same 
diet. Also 100 gm. of biscuit meal at 5 p.m. for 
previous 2 days. 


85.32 










23.47 
16.12 








39.59 








30.24 
29.76 
29.95 












89.95 








32.66 
31.75 












64.41 












30.89 
33.42 


38.72 


38.65 




Quiet. 
« 


1,000 gm. of meat at a.m. 3rd day of same diet. 
Standard diet'also given constantly at 5 p.m. 


64.31 












26.65» 
27.78 










54.43 
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Date. 



Mar. 11 



Mar. 15 



Ezperiment 



77 



145 



Time. 



1.54- 2.54 
2.54- 3.54 



11.34-12.34 
12.34- 1.34 



CO, 



12.85 
13.40 



7.63 
7.31 



10.02 
11.65 



8.30 
8.16 



R.Q. 



0.856 
0.837 



0.846 



0.660 
0.652 



0.660 



HK) 



22.65 
19.85 



5.67 
5.42 



Urine 

N. 



1.803 
1.803 



NoD-protein. 



CO, O, R.Q. 



-4.01 
-3.46 



-4.32 
-3.59 



0.675 
0.701 



0.687 



Pro- 
tetn. 



In Table I it will be noted that the basal metabolism of a dog 
maintained upon the ordinary '^standard diet*' (meat, 100 gm.; 
biscuit meal, 100 gm.; lard, 20 to 30 gm.) was 16 calories per hour. 
After 8 days of meat ingestion as the sole diet, administration of 
the "standard diet*' was resumed. 18 hours after the second 
administration of the "standard diet" the basal metabolism was 
19.7 calories and then on successive days was measured as being 
18.3, 17.3, 18.2, and 17.6 calories. Even after 2^ weeks the basal 
metabolism was 17.08 calories, showing a persistently higher 
level than had obtained before the ingestion of meat. 

The bodily condition is always a factor to be considered in the 
determination of basal metabolism. Tlie condition of muscular 
strength, accompanied by the addition of an '^improvement quota*' 
of protein (4) to the cells of the body, results also in a higher 
metabolism in the dog (5) and in man (6). It is possible that a 
lesser amount of "deposit protein" and of "improvement protein" 
may be in part responsible for the lower basal metabolism of 
women, first pointed out by Gephart and Du Bois (7). Thus 
the recent experiments of Blunt and Bauer (8) show that under- 
nutrition does not play a large p^rt in reducing the metabolism of 
women. 

The Experiments of Rapport and Lush. 

The problem of the production of fat from protein seemed of 
sufficient significance to endeavor to follow the same with the 
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Body 
temperature. 


Morn- 
weight. 


BehaviOT 
ofdo«. 


Food. 


Direct. 


StaH. 


End. 

::8.76 


136.47 

136.44 


39.04 


kg, 
13.0 


Quiet. 

It 


Meat 1,000 gm. at 9 a.m. 6th day of same diet at 
9 a.m.y with standard diet also daily at 5 p.m. 


i 72.91 








526.93 
ij26.65 










)|53.58 









greatest care as to the accuracy of the detennination of the 
individual respiratory quotients after meat ingestion. 

An additional procedure was added in this series. The standard 
diet, containing 70 gm. of starch, was given every evening at 
5 p.m. in order to charge the glycogen reservoirs of the body. 
The meat was given early in the morning. The complete data 
are to be found in Table II. The accuracy of the experiments 
may be gauged from the following figures: 



Date. 




R.Q. 


R.Q. of retained 
material. 


i9i0 . 








Mar. 26 


Alcohol check. 


0.667 




Apr. 17 


Meat ingestion. 


0.844 


0.694 


" 19 


Alcohol check. 


0.670 




t9t» 








Mar. 6 
" 8 
a.m. 


<( « 


0.663 


• 


u u 


0.664 




p.m. 


Meat ingestion. 


0.833 


0.749 


Mar. 11 








a.m. 


Alcohol check. 


0.662 




p.m. 


Meat ingestion. 


0.846 


0.687 . 


Mar. 15 


Alcohol check. 


0.660 





If protein is converted into fat two conditions must be ful- 
filled: (a) the R. Q. must be higher than that of protein itself 
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and (6) there must be a retention of protein carbon. The urinary 
nitrogen is usually higher in the dog when the animal is catheter- 
ized hourly (1) than it is when it accmnulates in the bladder 
during a calorimeter period, and the true index of protein metab- 
olism is accounted to be the level to which the urinary nitrogen 
rises when the urine is fractionated hourly on a day that the dog 
is given the same diet but is not in the calorimeter. 

The method of calculation of the 5th hour after giving 1,000 
gm. of meat to Dog XVIII will suffice as a guide to all the 
experiments. 

Experiment 68. 
Urinary N =■ 1.44 gm. ^ 

COt Ot CaloriM. 

am. gm. 

Equivalent of 1.44 gm. of N 13.46 12.17 .38.17 

Found in respiration 10. 10 8.72 

3.36 3.45 11.32 

Calories mdirect 26.85 

R. Q. of deposit - 0.708 

Value of fat deposited » 11.32 calories 

Calories (indirect) » 26.85 

Calories (direct) <- 27.52 

C retained - 0.92 gm. (' i'^ gm. of fat 

^^ \ = 2.3 gm. of glucose (8.63 calories) 
Calories if C had been retained as glycogen » 29.54 

The respiratory quotients and the heat directly measured con- 
firm the conception that fat and not glycogen was the form in 
which the carbon was deposited. 

• If one makes use of this method of calculation for the average 
hourly heat production for the series of three experiments; one may 
construct Table III. 

It is evident that, computed on the oxygen absorption by the 
method of indirect calorimetry already outlined, the calculated 
heat production is almost exactly the same as it is when the com- 
putation is based upon the hypothesis that the carbon retained is 
laid down in the form of fat (1 gm. of C retained as fat = 12.31 
calories). 
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The agreement between direct and indirect calorimetry is not 
as close as one would wish, though in this ifegard the alcohol checks 
agree on the average within 1 per cent. The calories as calculated 
are 3.8 per cent less than the calories found. However, if the 
carbon retention is assumed to take the form of glycogen, then 
the calculated heat would be 6.3 per cent higher than the amount 
directly measured. The findings, therefore, favor the idea of 
the retention of a pabulum in the form of fat. 



TABLE III. 



Direct and Indirect Calorimetry in Hourly Periods after the Ingestion of 
1,000 Gm. of Meat. 





Experi- 
ment No. 


Urine N. 


Protein C 
to body. 


Calories. 




Direct. 


Indirect. 


C* 

deposited 
as fat. 


C 
deposited 
as carbo- 
hydrate. 


Dog XVIII.. 
Dog XIX.... 


68 
75 

77 


ffm. 
1.44 
1.80 
1.80 


0.84 
1.40 
1.02 


28.44 
32.16 
36.46 


27.55 
30.97 
34.83 


27.83 
30.51 
35.25 


30.30 
34.57 
38.29 


Total 








97.06 


93.35 


93.59 


103.16 



Here, as in the first series of experiments, the height of the metab- 
olism is not proportional to the quantity of protein carbon re* 
tained. In Experiment 77, high humidity in the calorimeter 
probably produced increased respiratory activity and in conse- 
quence increased metabolism. The older literature has been 
elsewhere reviewed (9), but these experiments, by a new method, 
add another link to the chain of evidence that protein may be 
converted into fat. It must be remembered, however, that the 
conditions were exceptional, in that the animals were maintained 
upon a nutritive plane which would fill the glycogen reservoirs, 
were given meat up to the limit of their willingness to consume it, 
and were kept in absolute rest in a calorimeter at an environmental 
temperature of 25**C. Under these circumstances fragments of 
protein metabolism, which would ordinarily have been oxidized 
or converted into glucose and laid down as glycogen, found no 
other pathway open than conversion into fat. Under a natural 
diet these conditions would not exist. 
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SUMMABT. 

1. When the glycogen reservoirs of the body are low the inges- 
tion of meat in large quantity results in the deposition of glycogen. 

2. The continued ingestion of much meat brings about the re- 
tention in the body of a pabulum consisting partly of glycogen 
and partly of fat. Only when meat in very great excess is given 
is fat alone retained. 

3. When a carbohydrate-containing meal is given in the even- 
ing and 1,000 gm. of meat in the morning, then during the height 
of protein digestion the respiratory quotient indicates a produc- 
tion of fat from protein. 

4. Following the prolonged ingestion of meat in large amounts, 
which induces the retention of '* deposit protein,'' the basal metab- 
olism may* rise from a former level of 16 calories per hour to 
one of 19.7, an increase of 23 per cent, from which level it slowly 
falls with the gradual elimination of ''deposit protein." 
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The mystery "regarding the significance of meat in the dietary is yet 
to be clarified. In the following experiments there were four different 
periods of one week in length. During the first week the usual normal 
diet was taken by each individual. During the second week a luncheon 
containing 300 grams of beef was served, with bread, butter and boiled 
potatoes, in the laboratory. This quantity of meat is the amount which 
was contained in the daily war ration of the French and Italian soldier. 
During the third week little or no meat was taken, and during the 
fourth week the same procedure was followed as in the second week. 
The four individuals engaged in this work analyzed their urines daily 
for nitrogen; all wore pedometers for measuring the number of their 
daily movements. They also were instructed to walk a given distance 
both morning and late afternoon on their way to and from the college, 
striving to accompUsh the walk in the shortest time possible. On 
completing the walk the pulse was counted and then the time noted 
until the pulse rate became normal once more. This has been suggested 
by the work of Lewis, Cotton and Rapport (1) as a test of physical 
fitness. 

The subjects were an instructor in the laboratory (R.), a Philippino 
(S.) working for a higher degree, a man (B.) and a woman (H.) student. 
The first named was in perfect physical condition after a summer in the 
Maine woods; the fourth was fond of long walks and tennis in which she 
indulged during the experimental periods. The other two subjects 
were in good general health. The basal metabolism of S., who weighed 
40 kgm., was 41 calories per square meter of surface, the normal value. 

The observations may be thus summarized: 

674 
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TABLE 1 
Street B.f toeight 64 kgm. 



Average number of steps 

per day 

Urine N (average) grams. 
Maximum-minimum . . . 

Time in minutes of test 

walk 

Time in minutes to make 

1000 steps 

Pulse: 

Before exeroiae 

End of exercise 

After 3 minutes 

After 5 minutes 



Ordinary diet 



14,253 
13.14 
14.08-11.31 



11.43 

8.51 

71.0 
86.0 

72.0 



p.m. 

12.4 

8.50 

71.0 
85.0 

75.0 



•■CONB WBBK 



Hisfa protein 



12,636 
17.44 
18.57-17.12 



12.7 

8.80 

73.0 
102.0 

86.0 



p. m. 

14.5 

9.70 

75.0 
101.0 

79.0 



THIBO WXKK 



Low protein 



14,840 

8.68 

11.37-7.53 



14.0 

9.33 

73.0 

100.0 

87.0 

84.0 



17.0 

9.501 

74.0 
93.0 
80.0 
77.0 



High protein 



13,616 
18.34 
21.67-15.48 



a. m. p. ff», 



16.5 

9.45 

77.0 

107.0 

91.0 

88.0 



15.0 

9.38 

79.0 

102.0 

88.0 

84.0 



TABLE 2 
Subject H.f weight 58 kgm. 



Average number of steps 

per day 

Urine N (average) grams. 
Maximum-minimum. . . . 

Time in minutes of test 

walk 

Time in minutes to make 

1000 steps 

Pulse: 

End of exercise 

After 4 minutes 

After 5 minutes 



riRST WKBK 



Ordinary diet 



21,520 

9.64 

10.43-8.80 



26.0 

7.0 

112.0 
78.0 



p. m. 

27.0 

7.3 

107.0 
81.0 
74.0 



BBCOMD WBBX 



High protein 



21,503 
14.72 
17.06-13.34 



26.0 

7.0 

120.0 
81.0 



p. m. 

27.0 

7.3 

105.0 
83.0 
81.0 



TBIBD WEEK 



Low protein 



19,691 

8.02 

8.78-6.86 



26.0 

7.0 

121.0 
82.0 



p. m. 

27.5 

7.4 

117.0 
82.0 
75.0 



FOUBTH WEEK 



High protein 



20,880 
16.91 
19.38-15.83 



26.0 

7.0 

113.0 
81.0 



27.5 

7.4 

114.0 
78.0 
75.0 
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TABLB 8 

Subject B.y vmghi, 68 kgm. 





ratn WMMK 


BSOOXD WSBK 


TRIMDWmmK 


FOCKBWnK 




Ordinuydiet 


High protein 


Low protflin 


Highptotem 


Average number of steps 
oer dav 


14,980 

12.6 

14.^10.1 


13,146 

18.9 

19.6-18.0 


16,416 

12.3 

14.8-10.1 


14,966 

18.9 

19.7-17.6 


Urine N (average) grams. . 
Maximum-minimum 


Time in minutes of test 
walk 


a. m. 

20.9 

9.08 

70.0 
96.4 

1.17 


a. ff». 

22.0 

9.14 

69.0 
96.0 

1.26 


a.m. 

21.8 

9.04 

69.0 
91.0 

1.37 


p.m. 

19.1 

9.48 

72.0 
95.0 

1.82 


a. m. 

21.9 

9.07 

70.0 
94.0 

1.66 


p.m. 

19 3 


Time in minutes to make 
1000 steps 


9.76 


Pulse: 
Start of exercise 


71.0 


Elnd of exercise 


101.0 


Time in minutes of re- 
turn to normal 


2.06 







TABLE 4 
Subject S., weight Jfi kgm. 



Average number of steps 

per day 

Urine N (average) grams 
Maximimi-minimimi 

Time in minutes of test 

walk 

Time in minutes to make 

1000 steps 

Pulse: 

Before exercise 

End of minute 

After 3 minutes 

After 6 minutes 



FIB8T WBBK 



Ordinary diet 



13,902 

12.36 

14.07-9.34 



28.2 

9.24 

86.0 

111.0 

97.0 

90.0 



p. m. 

28.6 

9.34 

86.0 

113.0 

97.0 

96.0 



BIOOND WBEX 



High protein 



14,662 

16.78 

18.6&-13.44 



28.0 

9.17 

84.0 

114.0 

94.0 

87.0 



28.6 

9.34 

86.0 

110.0 

98.0 

90.0 



THUU> WBBK 



Low protein 



16,696 

7.89 

8.99-7.31 



27.3 

8.99 

80.0 

120.0 

86.0 



p.m. 

27.8 

9.18 

81.0 

112.0 

88.0 

80.0 



rOUBTH WBBK 



High protein 



14,808 

15.77 

16.88-13.16 



27.4 

9.04 

80.0 

121.0 

79.0 



p. m. 

27.5 

9.13 

81.0 

119.0 

88.0 

80.0 
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SUMMAHY 

The results show that the presence or absence of meat from the 
dietary, during periods as long as one week, has no demonstrable effect 
upon the capacity of doing an amoimt of work so graded as to reach the 
limit of the physical capacity during a short period of time. This 
accords with the doctrine of Chittenden (2). There was a distinct and 
uniformly present sense of sleepiness for 2 or 3 hours during the after- 
noon period following the ingestion of 300 grams of meat. Removal of 
meat from the dietary for a period of one week did not diminish the 
sense of well-being in the individuals investigated. The well-nigh 
universal opinion that meat ingestion is important for the maintenance 
of physical strength is not to be disregarded, but the experimental 
evidence in favor of this conception has yet to be produced. 

BIBLIOGRAPHY 

(1) Lewis: Medical Research Committee, Special Rep., Series no. 8, London, 

1917. 

(2) Chittenden: Physiological economy in nutrition. New York, 1904. 
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ON THE MECHANISM OF ABSORPTION FROM THE 

INTESTINE 

SAMUEL GOLDSCHMIDT 

From the Physiologiccd Laboratory, Cornell University Medical College, 
New York City 

In the historical (1), (2) development of the conceptions of the 
mechanism of absorption from the intestinal tract, as well as absorp- 
tion in other parts of the organism, it is of interest to note that the 
controversy has from the start centered around physical or physico- 
chemical theories as a basic cause. As the principles of physical chem- 
istry were developed, the new points of view were brought to bear upon 
this ever elusive physiological phenomenon. When one considers the 
subject intensively one gains more and more the impression that the final 
analysis must he in these realms; that it awaits only the development 
of the fundamental subject of physical chemistry and the persistent 
application of its principles to biological sciences. 

There will ever be, from the very complex nature of the process, points 
which will seem fundamentally unexplainable, or which one may assign 
to "vital" forces bound up with the Uving cell protoplasm. However, 
the latter course hardly seems justifiable. Call them what we will, 
"vital" processes must never be relegated to a Pandora's box where 
hope is securely confined. As new physical or chemical principles are 
evolved, there can be no danger, and perhaps profit will acme from 
examining, from time to time, these "vital" activities in the newer 
light. 

In considering the intestinal wall as a membrane, subject to the prin- 
ciples and laws of such structures as we know them in physical chemis- 
try (3), it is important not to overlook the fact that the functioning of 
this membrane is intimately associated with a complicated anatomical 
structure within the intestinal walls. The maintenance of the pro- 
toplasmic membrane in its normal state is, without doubt, essential 
to the absorptive processes as a whole. On the other hand, the inner 
structure is of prime importance in a consideration of the variations in 
the behavior of this membrane from those of purely isolated physico-. 
chemical systems. By this statement is meant not a peculiar structural 
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arrangement of relatively permeable and impermeable phases of the 
cell itself, as suggested by Robertson (4), but in a broader sense every 
integral portion of the intestinal tissue. 

Apart from the possibility of alterations on or within the surface 
layer or membrane of the intestine, therefore, equally important are the 
arrangement and the distribution of the absorbing vessels, and the quan- 
titative and qualitative character of the fluid contained therein. As 
an illustration Heidenhain (5) points out that the absorption of fluid 
and dissolved substances, by the blood capillaries, for the most part, 
may be easily explained anatomically. The capillaries lie at the periph- 
ery of the villi, close beneath the epithelium; in fact, a slight short- 
ening of a villus brings the vessels so close together that they almost 
touch. These facts are piurely anatomical, but they may have a decided 
influence upon the path and even the mechanism of uptake of the ab- 
sorbed products of digestion. For, as Heidenhain states, because of the 
higher osmotic concentration of the blood, which in spite of the large 
amount of fluid which passes into it is not greatly diluted, due to the 
great speed of the change of that fluid in the capillaries, the fluid and in 
great measure the dissolved substances, coming first in contact with 
this system, are carried away by it. The lymph stream, on the other 
hand, in addition to its less favorable position, is of a lower concentra- 
tion and is as well a much more slowly moving stream. 

To carry the illustration still further, Reid (6), (7), (8), (9) states 
that although there is no evidence of specific absorptive nerve fibers, 
nevertheless excitation of the mesenteric nerve by production of con- 
comitant vasoconstriction or, indeed, any decrease in the blood supply 
to the intestine, i.e., blood-letting, may affect the absorptive process. 
It is also found that drugs which cause a general vasoconstriction, as 
adrenalin (10), or a more or less localized constriction affecting the 
intestinal vessels, i.e., pituitrin (11), decrease absorption. Hyperemia, 
on the other hand, may facilitate the process (12), (13). 

Of importance also is the possible effect of various mechanical pres- 
sure forces which may exert themselves upon the intestinal structure, 
either from a mechanism inherent in the tissue itself or from without. 
Hamburger (14), (15), (16), in recent times, has emphasized the part 
played by intra-intestinal pressure in its absorptive action. The 
question, however, is an old one. Lieberktihn (1745) (17) discussed 
the action of peristalsis as an aid to absorption by the villi. 

In the above connection it may be well to point out a property pos- 
sessed by the villi, which may be of possible assistance to intestinal 
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absorption. Brticke (18) observed that the villi contained smooth 
muscle fibers in their long axis, the fmiction of which is to cause by 
their contraction a shortening of the viUi.* The anatomical presence 
of these muscle fibers and the demonstration of movements of the 
villi have found ample confirmation, although with slight modifica- 
tions as to the character and distribution of the musculature and the 
form of the villus movement (5), (20), (21). 

Both lieberktihn and Bnicke believed that they had observed open- 
ings into the villi.* Lieberktihn formulated the hypothesis that peri- 
staltic movement presses fluid and soUds into the openings of the villi 
whence they are taken up by the blood vessels. According to Brticke's 
conception, the villi act like suction pumps in their movement, thus 
causing fluids and particles not too large to pass into the openings to 
the central lymph duct. The action is a sort of filtration through a 
filter whose pores are wide enough so that undissolved bodies, i.e.^ 
small fat globules, can pass through into the lymph (22). The validity 
of the presence of openings into the villi has been questioned (1, p. 432), 
and it is generally believed today that particles do not normally pass 
through the intestinal wall. However, it must be pointed out that 
many investigators have claimed to have demonstrated that small 
insoluble bodies may pass by the intestinal route (23), (24), (25), (26). 

That the movement of the villi exerts a r61e in absorption is still held 
by some experimenters (21), (29), and it would seem that tentatively, 
at least, it must be considered as a possible modifying influence. Cohn- 
heim (27) holds that Briicke's theory cannot stand as a general state- 
ment of the intestinal mechanism, for the reason that in a Holothu- 
rian, which does not possess villi, absorption can occur when the 
intestine filled with sea-water is suspended in the same medium. 
Eeid (8) has also shown that absorption takes place when the mesen- 
teric lymph vessels are bound oflf, which is apparently contrary to the 
belief of Brticke that the path of uptake is into the central lymph space 
of the villus. Hober (28), however, has defended Brticke against 
lleid's attack by pointing out that, although the Holothurian lacks 
villi, it does possess an intestinal smooth muscle mechanism which can 
exert intra-intestinal pressure. In addition, the villi may still be the 
portal of entry, although the lymph vessels are tied oflf, if one assumes, 

^ Lacauchie (1853) (19) observed the movement of the villi but did not describe 
the muscle fibers. 

' For a full discussion the reader is referred to Longet (1). 
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as did Friedenthal (29), that the substances, after entering the central 
lymph space, may then pass by diflfusion into the blood stream. 

If, therefore, one considers what has been said above, it is obvious 
that the insistence upon a normal functioning of the whole structure in 
its many parts, insofar as they can cause, modify or aid the absorptive 
process, is no more of an admission of its "vital" character than that 
any physical structm^ should break down as a whole due to a failmre of 
one of its parts. In other words, we must consider these unique struc- 
tures as integral parts of the mechanism. The influence of every possi- 
ble factor concerned must be examined in order to evolve a satisfactory 
explanation of the intestinal mechanism of absorption. Hence it is 
not at all surprising that when an investigator has focused his attention 
upon one factor only, that single point of view has failed to explain the 
phenomenon. To be sm^, the determination of the effect of each part 
may be best made by exclusion of that part or of all other interfering 
influences, but in the problem at hand this method presents difficulties. 
These remarks are especially pertinent when, as in the question imder 
discussion, we have to make comparisons with a physico-chemical 
process in which exact imitation of conditions is not possible. 

A detailed historical discussion of the entire subject at hand cannot 
be presented within the limits of this review. Nevertheless, an attempt 
will be made at least to refer to each explanation (founded on experimen- 
tal evidence) and theory that has been advanced, of which the following 
is a compilation: 

1. Absorption through orifices in the blood vessels, especially the 
veins, in the intestinal wall (ffippocrates and Galen (30)). 

2. Imbibition, of the natm^ of water absorption by a sponge (31). 

3. Passage through small openings into the central lymph spaces of 
the villi, aided by intestinal peristalsis or by the contraction and expan- 
sion of the viUi (17), (22), (1, p. 464). 

4. Osmosis and diffusion (1, inferred from (32), (33), (34)). 

5. A mechanism similar to that of secreting glands; an inverted gland- 
ular process (35). 

6. Ingestion by wandering leucocytes or lymphocytes' (36), (37), 
(38). A mechanical uptake of substances (26). 

7. Physiological activity of the epithelial cells of the intestine (39), 
(56), or this factor combined with osmosis and diflfusion (43). 

8. Physiological activity of the epithelial cells combined with a power 
of the capillary wall to inhibit the passage of diffusible, dissolved sub- 

* For further literature on this subject see Heidenhain (5). 
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stances from the blood into the gufc. The first factor is entirely free of 
osmotic influences, while the latter may be affected by this force (47), 
(48), (49), (50). 

9. A purely physical process, involving intra-intestinal pressure, 
molecular imbibition, capillary imbibition, and a power of the blood to 
"suck" fluid out of the tissues (14). 

10. A motor process of the epithelial intestinal cells (40), (41). Fil- 
tration by the force of intra-intestinal pressure (42). 

11. Dependent upon the solubility of the dissolved substances in 
lipoids for their passage into the cells, if insoluble in lipoids the path 
is by the intercellular route (67), (68), (69), (70), (29), (88), (89). 

12. Absorbed in accordance with the power of dissolved substances 
to lower surface tension. This property is also involved in the inhibi- 
tion of the passage of blood constituents into the gut. Chemical and 
physical forces may modify this process (83), (84). 

13. Determined by the mechanical affinity of the colloid of the intes- 
tinal wall for the fluid and dissolved substances, and the swelling or 
shrinking of the colloid caused thereby. Swelling promotes the absorp- 
tive process, while shrinking inhibits it (77), (78), (79), (80). 

14. Negative osmosis (91), (92), (93). Cataphoretic electrical fluid 
current, dependent upon unequal permeabiUty of the intestinal wall for 
ions, or polarization of the membrane (97), (98), (101). 

15. Substances, absorbed by osmosis, are changed within the intestinal 
wall to non-diffusible products which can exert a further osmotic attrac- 
tion upon the absorption of other constituents in the intestine (98), 
(102). 

THEORIES OP THE MECHANISM OP INTESTINAL ABSORPTION POUNDED 
UPON EXPERIMENTAL INVESTIGATIONS 

The intensive appUcation of experimental methods to the study 
of intestinal absorption began with the work of Heidenhain (43) and 
his pupils, Leubuscher (44), Gumilewski (45) and Rohman (46). For 
a number of years previous to the work of these investigators the prevail- 
ing idea had been that the theories of endosmosis, first definitely stated 
by Dutrochet in 1826, adequately explained the process. Experimental 
evidence for this view is not to be found. It appears quite probable 
that the early acceptance of the theory that osmosis is responsible for 
the action of saline cathartics, strengthened the general impression that 
it is also involved in the absorptive mechanism. As early as 1844 
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Poisenille (32) and also liebig (1848) (33) stated, on the basis of exper- 
iments in vitro, that the explanation of the action of cathartic salts is 
to be found in their osmotic behavior. 

In 1869 Voit and Bauer (42) obtained results which led them to con- 
clude that osmosis is not the cause of intestinal absorption. They 
inclined to the view that filtration brought about by intra-intestinal 
pressure is the responsible agent. The experimental investigations 
were concerned with the absorption of protein solutions, serum and 
salts. The deductions were based partly upon the entirely erroneous 
premise that the passage of the solutions through the intestinal waU 
should, if osmosis is an active factor, simulate the diffusion of the same 
solutions through membranes. The fact that animal membranes may 
vary in their permeability was, at this time, not known. 

Hoppe-Seyler (1881) (39) was the first to maintain definitely that 
intestinal absorption is a function of the living epithehal cells. The evi- 
dence was purely deductive and was, for the most part, based upon the 
action of the gut in cholera and when poisoned by certain toxic sub- 
stances. In these instances there is a failure of the normal absorptive 
function, hence Hoppe-Seyler believes that the "vital" activity of the 
intestinal cells has been damaged. This type of evidence has been 
adduced by later investigators, hence it may be well to question its value. 
Is it not conceivable that delicate colloidal membranes, "vital" or non- 
living, could be equally affected or, at any rate, show markedly altered 
permeability due to such radical changes in their environment? 

Heidenhain (43), from his own excellent studies and those of the work- 
ers in his laboratory (44), (45), (46), was led partially to the same con- 
clusion as that expressed by Hoppe-Seyler. Heidenhain concedes that 
a certain portion of the fluid and dissolved substance is absorbed from 
the intestine by osmosis. Another portion does not obey these laws, 
but is absorbed by the physiological activity of the living epithelial 
ceUs. Heidenhain (43) explains his position by stating that when he 
speaks of the "activity of the living cell" he means thereby only that 
the cell can exert an influence upon its physical or chemical processes. 
This investigator insists that he stands absolutely upon the grounds of 
a purely physical conception of the mechanism. 

The experimental findings which led Heidenhain to decide that ab- 
sorption is partially a function of the living cells of the intestine were as 
follows: First, because serum of the same and even greater concentra- 
tion than the blood of the experimental animal, when introduced into 
the gut, is always concentrated, never diluted, as is evidenced by the 
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content of total soKds. Proteins make up the main portion of the unab- 
sorbed residue. Therefore, there is a direct relation between the absorp- 
tion of salts and water and the factor causing the concentration, for 
the A of the remaining fluid does not rise. Second, since there is an 
uptake of fluid from a sodium chloride solution of greater osmotic 
pressure (measured by the* depression of the freezing point, A) than 
the blood. At a concentration of 2 per cent there is finally reached 
a point where the osmotic power overcomes the physiological absorptive 
activity of the epithelial cells and, as a result, fluid passes into the gut 
from the blood. Third, for the reason that chlorides pass out of a 
solution of 0.3 per cent sodium chloride in the intestine; in other words, 
there is a passage of solute from a lower toward a higher osmotic pres- 
sure, which was contrary to the accepted laws of the beha^dor of such 
solutions. 

These results enabled Heidenhain to formulate a conception of the 
intestinal mechanism which combined both the cellular and the osmotic 
activity. That is, from a sodium chloride solution of higher osmotic 
pressure than that of the blood the salt is absorbed by osmosis; on the 
other hand, the water is taken up by a physiological cell activity. 
Likewise, from concentrations of sodium chloride with a A below the 
level of that of the blood, water is absorbed by osmosis and the salt by 
the active cellular force. 

The effect of small amoimts of sodium fluoride, added to the solutions 
placed into the intestine, seemed to offer a proof of the above statements. 
When this salt is added to high concentrations of sodium chloride 
(1.05 to 1.5 per cent), which have a A above blood level, there is a 
decreased water absorption, and only to a slighter extent a decreased 
uptake ot chlorides. On the contrary, sodium fluoride affects the ab- 
sorption of fluid from sodium chloride solutions (0.3 to 0.4 per cent) 
of lower A than that of the blood less than it does the passage of chlo- 
rides. The sodium fluoride, then, a cell poison, inhibits the physiolog- 
ical activity to a greater extent than it does the physical force which is 
associated with the process. 

Cohnheim (47), (48), (49), (50) designed a series of experiments to 
test whether or not soluble blood constituents can pass into the intesti- 
nal contents, with a view of obtaining a measure of the extent to which 
this occurrence plays a part in adjusting the osmotic equilibrium between 
the intestinal fluid and the blood. These investigations led Cohnheim 
to the decision that, under normal conditions, appreciable amoimts of 
diffusible blood constituents do not pass into the intestine. The absorp- 
tion process is, then, a purely one-way mechanism. 
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Intestinal absorption, according to Cohnheim, involves two factors: 
first, an impermeability to body fluids and dissolved substances; second, 
an ability of the enteric wall to take up the contents from its lumen. 
The first process is due to the activity of the capillary endothelium, and 
it is through the intermediation of this structure that osmotic equilib- 
rimn between intestinal solutions and the blood is attained without 
the passage of blood constituents into the gut solutions. The last state- 
ment might be interpreted as inferring that osmotic forces are active 
through the capillary endotheliimi, although this is not definitely asserted. 
The second portion of the absorptive phenomenon is a function of the 
intestinal epithelial cells; it is absolutely free of physical influences. 
This hypothesis, therefore, diflfers from that of Heidenhain in that it 
does not admit that the cellular activity of the epithelimn may be 
affected by the osmotic pressure of the intestinal solutions. 

The experimental basis for the above conclusions will be outlined briefly. 
Working with dogs with Vella fistulas of the small intestine, CJohnheim 
(47) states that solutions of glucose of all concentrations come into osmo- 
tic equilibrium with the blood. This equilibrium, according to the au- 
thor, is accomplished by the absorption of water or glucose, not by the 
passage of sodium chloride or other diffusible constituents, from the 
blood into the gut. It is asserted that the amount of sodium chloride 
which passes into glucose solutions is small, regardless of whether the 
solutions are isotonic, hypertonic or hypotonic. When, on the other 
hand, sodium fluoride (also potassium arsenate) which Heidenhain 
believed damaged the cell activity of the epithelium is added to a 
glucose solution in the intestine, Cohnheim (48) observes that the sodium 
chloride which diffuses into the glucose solution is increased above the 
amount normally found, under similar conditions, in the absence of the 
fluoride. There is an increased diffusion between the intestine and 
the blood vessel contents. In addition, while usually both hypertonic 
and hypotonic solutions come into an osmotic equilibrimn with the 
blood, in the experiments in which sodium fluoride is added, the concen- 
tration of glucose sinks below the isotonic level. Hence, the niMinal 
specific ability of the intestinal wall, to allow a passage in but one direc- 
tion, is lost when poisoned with sodimn fluoride. Cohnheim beUeves 
that the fluoride has a predilection for the capillary endothelium, 
although it may also injure the epithelium. Therefore the findings are 
consistent with the thieory that normally the capillary walls possess 
the power to inhibit the passage of fluid and dissolved substances from 
the blood. 
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The one-way absorptive mechanism finds confirmation, also, in experi- 
ments in which Cohnheim (49) studied the behavior of sugar solutions 
in the isolated intestine of cats, rabbits and dogs. Under these condi- 
tions the investigator states that he can demonstrate a transport of 
fluid from the intestinal lumen into the outer surrounding fluid. This 
conclusion is drawn on the basis of measurements of the gut contents 
and the weight of the intestine before and after the experiment. As the 
latter does not show an increase, and since there is a deficit of fluid 
within the lumen, it is held that there must have been an actual 
transport. 

The absorption stream is, moreover, always in the direction of the 
outer fluid regardless of the concentration and chemical character of the 
solutions employed. In short, Cohnheim decides that in this isolated 
system the fluid stream is not dependent upon the anatomical arrange- 
ment of the vessels in the intestinal wall, the mechanical pressure of the 
musculature, of differences of osmotic pressure, or of solution tension on 
the. two sides of the epithelium, but solely upon the integrity of 
the intestinal wall which possesses the function of carrying fluid in but 
one direction. 

Rhorer (51) has repeated Cohnheim's experiments on the isolated 
intestine, using a similar technic, and states that it was not possible in 
his work to demonstrate a fluid transport. 

Waymouth-Reid (6), (7), (8), (9), (52), (53), (54), (55), (56), on the 
same general groimds as Heidenhain and Cohnheim, decides that the 
intestinal process is due to the physiological activity of the intestinal 
cells. Reid states, however, that by the use of the expression "cell 
action" he does not imply that the forms of energy utilized in the cell 
mechanism are other than those known in the physical world. This 
investigator believes that whatever effect physical forces may exert, 
whether they be osmotic or in the nature of "chemical excitation,'^ 
their relation is to the cell and not to ther blood. If the writer inter- 
prets Reid's (56) statements correctly, his theory of the intestinal 
mechanism assigns the absorptive power exclusively to cellular activity 
to a much greater degree than did Heidenhain, who conceded that a 
certain portion of the process is osmotic. Reid stands, perhaps, in closer 
harmony with Cohnheim, who denies that the intestinal cells are undei 
any physical influences, but does convey a suspicion that the blood ves- 
sels of the intestines, which are concerned in holding back blood salts, 
may be amenable to osmotic effects. 
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The evidence on which Reid's conclusions are based may be stated 
briefly. There is an absorption of serum from the intestine of an animal 
under conditions in which filtration, osmosis and adsorption are ex- 
cluded (8) . Voit and Bauer (42) and Heidenhain (43) had previously noted 
that serum may be absorbed from the intestine of experimental animals. 
Furthermore, injury to, or removal of, the intestinal epithelium stops 
this absorptive process (7) in spite of the fact, according to this author, 
that such procedures should favor the action of the purely physical 
forces of filtration, osmosis and adsorption. Indeed, this experimenter 
finds that any condition depressing the activity of the cells tends to 
reduce the absorptive action. Previous to Cohnheim and in agreement 
with him, Reid (52) demonstrated, by means of a diffusion apparatus, 
using an isolated surviving piece of intestine as a membrane, that trans- 
port, takes place from the mucosa to the fluid in contact with the muscu- 
lar coat on the opposite side. In this arrangement, in which osmotic 
pressure influences may be excluded, simply by placing fluids of the same 
composition on the two sides of the membrane, it is argued that, since 
transport occurs, the active force must be a "vital" process inherent in 
the epithelial cells. Reid (55) repeated Cohnheim's experiments, using 
an isolated intestinal loop, and obtained results confirming the finding 
of that investigator, namely, that in such a system there is a fluid trans- 
port in one direction only. The reverse process of passage into the intes- 
tinal lumen is stated to be the result of cellular injiuy only, in which case 
the cells lose their "orienting action. " That the osmotic pressure of the 
blood is not involved in the mechanism of intestinal absorption, Reid 
(56) believes to have demonstrated by increasing the salt content of the 
circulating fluid by intravenous injection of sodium chloride and deter- 
mining its effect upon the uptake of glucose solutions in the gut lumen. 
Such experiments showed that the degree of water passage from the 
intestinal fluid is never increased xmder conditions of increased osmotic 
attraction of the blood, although in most instances there is a diminished 
glucose absorption. In addition, no extra chlorides, above the normal 
amount, are found in the gut content in these experiments. Hence it is 
concluded that the uptake of water from a solution in the gut, with unin- 
jured epithelium, is not a simple function of osmotic pressure of the 
sodium chloride of the blood. Since this is the chief blood salt, Reid * 
concludes that it is not probable that any other blood constituent 
possesses the property of influencing fluid absorption from the intestine. 

The work of the three authors detailed above constitutes the chief 
basis for the theory that the "physiological activity" of the intestinal 
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cells is responsible for absorption in that organ. Let us now examine 
the evidence pointing to a physical explanation of the mechanism. 

Hamburger (14), (15), (16), (57), (58), (59), (60) does not accept the 
theory that the process is due to "vital'' cell activity, but from his 
experiments he is led to postulate a purely mechanical explanation of 
the intestinal absorptive mechanism. This investigator does not deny 
that physiological or pathological changes can affect the physical forces 
involved, but he maintains that they do not cease to be purely mechani- 
cal (14). 

The scheme of absorption from the gut, according to Hamburger 
(14), (15), (16), is as follows: The epithelial cells take up fluid and dis- 
solved substances by molecular imbibition. This solution makes its 
way by capillary imbibition through the connective tissue mucosa and 
is carried away, in small part, by the lymph. The greater portion 
passes by molecular imbibition into the cement substance of the capil- 
lary endothelium or is taken up by the cell itself to go by capillary imbi- 
bition into the blood vessels, whence it passes into the blood stream. 
A tissue has a limited power to imbibe, hence this process would come 
to an end if the fluid were not taken away rapidly. 

Therefore, for transporting fluid out into the capillaries there are, 
besides imbibition, two other factors. First, there is a power which- 
"sucks" or "sweeps" fluid out of the tissue spaces into the capillary 
blood stream; this action increases with the speed of the blood flow. 
Second, intra-intestinal pressure is of importance in the process. In 
the living animal this pressure may be increased by breathing, by peri- 
stalsis and by the weight of the intestines. 

Hamburger (14), (15), (16) established the influence of intra-intesti- 
nal pressure upon absorption of isotonic sodium chloride solutions 
in the gut by a series of experiments in which hydrostatic pressure is 
altered, but the intestine is prevented from expanding by a mechanical 
device, thus ruling out the factor of an increased exposed surface as 
the responsible factor in the results obtained. A second method con- 
sisted of varying the intra-intestinal force by an alteration of the intra- 
abdominal pressure and then examining its effect upon the absorption of 
isotonic sodium chloride solutions. By such experimental methods 
Hamburger finds that increased intra-intestinal pressure facilitates 
absorption, as does also a greater intra-abdominal pressure imder favor- 
able conditions. When intra-intestinal pressure is reduced to zero or 
to a slightly negative value the result is a complete arrest of absorption. 
A positive intestinal pressure of 0.5 cm. still allows of a slow uptake. 
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Hence, Hamburger believes that the intra-intestinal pressure which will 
allow of absorption is lower than that in the intestinal capillaries, how 
much lower it may be depends upon the force of the process of imbibi- 
tion and the "sucking" action of the blood. In his mechanical theory- 
Hamburger also includes the "suction" and pressure action of the villi, 
as well as forces of osmosis and filtration (16, p. 191). 

Leubuscher (61) had previously performed experiments to test the 
effect of increased hydrostatic pressure upon intestinal uptake. He 
f oimd that absorption increased with increasing pressure up to a certain 
optimmn point (80 to 140 mm. Hg). The increase is ascribed, in these 
experiments, to a simple unfolding and expansion of the surface of the 
gut. The decrease which follows this optimum point is due, according 
to Leubuscher, to the eflFect of the increased pressure upon the blood 
flow. 

Whether or not filtration is active in the transfer of fluid and dissolved 
substances through the intestinal wall resolves itself, obviously, into a 
question of whether the intra-intestinal pressure is greater than that on 
the opposite side of the filter, which is, ultimately, the capillary blood 
pressure. Reid (8), (9), (55) and also Starling (62), (63) maintain that 
filtration is not to be considered, since the capillary blood pressure is 
higher than the intra-intestinal. The former investigator and also 
Cohnheim (49) have observed that absorption may occur imder condi- 
tions in which mechanical pressure influences are excluded. Hambiw- 
ger (14), (16) states that absorption may take place when the intestinal 
is below the capillary pressure, but believes that at this point the contrib- 
utory forces of imbibition, "suction of the blood stream," villus move- 
ment and osmosis are also at work. The controversy is not settled but, 
aside from the normal existence of conditions apparently unfavorable 
for filtration. Hamburger's findings must be tentatively accepted as 
indicating that variations in intra-intestinalpressure can affect absorption. 

Hamburger (59), (60) studied the power of isolated intestinal epi- 
thelia to imbibe and to swell when subjected to salt solutions of different 
concentration. In these experiments support is f oimd for his imbibition 
theory, for the volume of intestinal cells, and at times even the dimen- 
sions of the nucleus may be altered. This seemed to warrant the deduc- 
tion that the body of an isolated cell is very permeable to sodium chlo- 
ride, while the nucleus possesses little or no permeability for the salt. 
It is also demonstrated that the permeability may vary, depending upon 
the salt and the "state of the cell." 
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The remainder of the evidence upon which Hamburger bases his 
theory deals with the behavior of salt solutions toward structureless, 
homogeneous membranes (agar, gelatine and collodion), isolated tissues 
used as membranes, and also the diffusion phenomena in the intestines 
of dead dogs. In the experiments employing dead, isolated intestinal 
and other tissue as a diffusion membrane. Hamburger (58) believes to 
have demonstrated perfectly the "one-way- diffusion" of the intact 
intestine. Hence this demonstration, states the author, is not in agree- 
ment with Cohnheim's idea that the intestine possesses a "vital" 
factor simply because of its property of passing a fluid stream in one 
direction. On the whole, the experimenter concludes that the difference 
between "dead" and "living" membranes is merely quantitative. 
Artificial membranes w;ere constructed with which Hamburger (57), 
(58) was able to duplicate all the phenomena exhibited in the intestinal 
absorption of sodium chloride solutions and even of serum. All of these 
factors, then, led him to the conviction that enteric absorption is brought 
about by a purely physical or mechanical process. 

Hober (64), (65), (66), (67), (68), (69), (70) performed experiments 
designed to compare the rates of diffusion of a series of salts with their 
speed of absorption in the intestine. The results of the investigations 
led him to conclude that physical forces are involved in the mechanism, 
even though they do not fully explain the process, and though the speed 
of absorption is not strictly comparable to the ^nembrane behavior of 
the solutes tested. Further studies convinced him that salts are absorbed 
into the intestinal cells only if they are lipoid soluble, in agreement with 
Overton's idea that lipoid solubility determines cell permeability. On 
this basis Hober points out that the intestinal epithelium behaves toward 
dissolved substances like other cells, that their plasma membrane act^ 
Eke other protoplasm, and does not require a special power of uptake, 
as was usually supposed. The dissolved substances which have a 
parallel rate of intestinal absorption and speed of diffusion are lipoid 
insoluble and pass between the cells. Other materials, which have a 
greater speed of absorption than of diffusion, are lipoid soluble and pass 
through the cells. This theory, the author states, is not inconsistent 
or conflicting with any osmotic explanation of the process. 

In order to explain how this mechanism affects the absorption of salts 
and other bodies, it is set forth that all inorganic salts and sugars with 
six or more carbon atoms, in general all lipoid insoluble substances, 
pass between the cells. Iron is the one discovered exception in regard 
to this rule for, although it is not soluble in lipoids, it passes into the 
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cells. Lipoid soluble materials, as urea, glycerine and ethyl alcohol, 
are taken into the cells through their smfaces. 

The relation of speed of absorption in the intestine to lipoid solubility 
is borne out in the work of Hober's student, Katzenellenbogen (71). 
Heidenhain (5) had previously decided that the intercellular cement 
substance of the villus epithelium is open for at least part of the absorbed 
materials. 

Wallace and Cushny (72), (73) independently and at about the same 
time as Hober (64), published experiments in which they compared the 
rates of absorption of a large number of equi-molecular salt solutions 
with that of a 1 per cent solution of sodium chloride. Their results, 
however, do not agree with those of Hober in showing a parallelism be- 
tween the rates of absorption and of diffusion. They find that readily 
dissociated salts, whose ions possess a great speed, are not always ab- 
sorbed faster than less dissociated salts with weaker ionic speed. 
Wallace and Cushny (73) aflfirm that these facts do not necessarily indi- 
cate that the intestinal cells operate only by a "vital" activity, but 
it is more likely that the absorptive process is due to a chemical relation 
of colloid to salts, of such a nature that the cell may take up one salt 
easily and reject another. 

The observations of Hober (64) and Wallace and Cushny, that vari- 
ous salt solutions of the same osmotic pressure have a different speed 
of absorption, due to jm imequal rate of passage of their ions, are of 
great importance. They showed clearly that the intestinal wall does 
not possess an equal permeability to all dissolved substances. Further 
one cannot expect to get a strict comparison of rate of diffusion through 
membranes and intestinal absorption. We are dealing, then, with a 
membrane of varying permeability, depending upon the nature of the 
salt presented to it. A lack of appreciation of this fact led many workers 
to erroneous conclusions before this time. 

Goldschmidt and Dayton (74) performed experiments, using colonic 
loops of dogs, which led them to the conviction that osmotic processes 
are active in the mechanism of intestinal absorption. Toward solu- 
tions of sodium chloride the colon acts essentially Uke a permeable mem- 
brane. On the other hand, solutions of sodium and magnesium sul- 
phate behave in the colon as though they were separated by a semiper- 
meable membrane. It is also demonstrated that the absorptive process 
is related to the salt content and osmotic concentration of the blood. 
In addition, the osmotic pressure exerted by the gut contents, which 
in turn is dependent upon the permeabiUty of the intestinal membrane 
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for the solute, are factors in inhibiting the passage of blood constituents 
into the gut contents. The osmotic pressure and the permeability of 
the enteric wall for the solutes in contact with it also determine the speed 
of passage into the blood of other dissolved substances simultaneously 
present in the gut without evidence of injury to the intestinal mechan- 
ism. Goldschmidt and Binger (75) showed that the permeabiUty of the 
intestinal wall may be altered, that is, increased or diminished, without 
demonstrable evidence of physiological injury. In other words, the 
intestinal membrane may exhibit a changing permeability, dependent 
upon the chemical character and the concentration, within physiologi- 
cal limits, of salts in contact with it. This conception also includes 
the possibility of one solute affecting the passage of another either by 
altering its state in solution or in a manner which is dependent upon 
their relative power to pass through the membrane. 

DIFFUSION THROUGH THE INTESTINE OF DEAD DOGS 

« 

Whether the non-living intestinal wall behaves similarly to that of 
the living animal has beeti a subject of much controversy in deciding 
whether or not the mechanism of enteric absorption involves the integ- 
rity of the living dell. Hamburger (14), (15) foimd that absorption of 
sodium chloride solutions and of horse serum proceeds in the intestine 
of dogs, dead from 1 to 24 hours, in the same order as fromUving animals. 
This supports the investigator's theory that the process is purely physi- 
cal. It will be remembered that Hamburger (57), (58) has also claimed 
to have duplicated the process of intestinal absorption, in some of its 
apparently non-physical details, with structureless homogeneous mem- 
branes. 

Cohnheim (47), (50) criticises Hamburger's experiments on dead 
animals on the grounds that, since the blood is stagnant in the vessels, 
there is so little fluid on the blood side that qualitatively the same results 
would be obtained as in the living animal. The agreement, therefore, he 
states is only apparent. To imitate more closely the normal process 
Cohnheim perfused the abdominal vessels by inserting a cannula into 
the inferior vena cava after the death of the animal. * Nevertheless, 
with this procedure, an animal taken directly after death behaves toward 
solutions in the intestine like the intact animal. The conclusion is 
drawn that the epithelium is not dead, therefore the experimenter 
destroyed it with heat (hot water at 80 to 90°C.). After this treatment 
it is foimd that sodium chloride of the vascular perfusion fluid passes 
into a glucose solution in the gut in accordance with a purely diffusion 
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process. If the vessels are not perfused Cohnheim confinns the results 
obtained by Hamburger; that is, a behavior similar to that in the living 
animal. Cohnheim further states that in an animal dead for some time 
(5 hours) there is very little absorption with or without destroying the 
cells by heat. 

Hober (66) attacks the experiments of Cohnheim, quite justly, by 
questioning whether treating the epithelium with heat leaves an intes- 
tine which differs from that of the living animal only in the lack of Uving 
active epitheUal cells. The former performed experiments in which 
he determines that, when the intestine of a dead dog is treated with 
heat according to Cohnheim's method, it does not act toward solutions 
in the same manner as the imtreated intestine of similar dogs, even in 
the absence of perfusion. He ai^ues that if the intestine of a dog which 
has been dead for 24 hours does not behave like a physical membrane, 
then it ought not to do so even though its vessels are perfused. The 
discrepancy is explained as due to pressing differences. Cohnheim 
attempted to maintain the perfused sodium chloride imder normal 
pressing, but Hober points out that the normal opposing pressure is 
absent, namely, that due to contraction of the intestinal, diaphragmatic 
and abdominal musculature. The latter further states that there is 
only a quantitative difference between the absorption from the intestine 
of a dead and a living dog. This, he asserts, is due not only to a failure 
of the pressiwe factors mentioned above, but also to the absence of the 
"sucking" action of the blood stream. Further, the only discrepancy 
between diffusion and absorption is that diffusion through membrane 
behaves the same in either direction, while absorption carries dissolved 
substances in a special direction. 

Goldschmidt and Dayton (74) carried out a few experiments upon the 
changes of volume and composition of distilled water and of sodium 
chloride solutions in the colon of dead animals. The fluid absorption 
is practically nil, as is also the exchange of dissolved substances. 

PHYSICO-CHEMICAL FACTORS POSSIBLY INVOLVED IN THE ABSORPTIVE 
MECHANISM, FOR THE MOST PART BASED UPON 
THEORETICAL CONSIDERATIONS 

In addition to the theories of the absorptive mechanism of the intes- 
tine, based upon experimental evidence, there are many in the literature 
in which from analogy physico-chemical principles are applied as 
explanations of the phenomenon. In this class may be included the 
process of imbibition, first applied to absorption through the blood 
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vessels by Magendie (68) and later (31) suggested by him as possibly 
associated with intestinal absorption. Magendie thought of the villi 
as "soft sponges" which imbibed fluids. 

The modem investigations on this subject are due principally to the 
researches of Hofmeister (77) which deal with the uptake by colloids 
of solvents and solutes from a long list of salt solutions, together with the 
capacity of the latter to produce swelling or shrinking of the colloids. 
These data led to the formulation of the "Hofmeister series." Hof- 
meister has suggested that this phenomenon of mechanical affinity 
for water and solute, with the attending change in volume of the col- 
loidal substance, may play a r61e in the body and especially in intestinal 
absorption. If such be the case, he continues, one need not assume that 
the process is of a "vital" nature. It has previously been pointed out 
in this paper that Hambiwger believed that molecular and capillary 
imbibition were an essential part of his physical theory. 

Pauli (78), although he points out that the cells represent a more 
complicated system, believes that he can reconcile Hofmeister's results 
on the swelling of gelatine with Heidenhain's findings on intestinal 
absorption. 

Fischer (79) advances the prediction that the laws governing colloidal 
imbibition will do more to give an insight into the phenomenon of absorp- 
tion than the laws of osmotic pressure and diffusion have done. 

Bechhold (80) asserts that the belief that osmotic forces were involved 
has been a hindrance to progress in this field of investigation, and that 
only a recognition of swelling and shrinking of colloids as dominant 
factors can furnish a satisfactory explanation of the mechanism. He 
further states that salts which, as a rule, promote uptake of water in the 
intestine, also favor the swelUng of fibrin and gelatine. Bechhold 
expands upon the subject, stating that electrolytes which cause shrink- 
ing may impede not only their own absorption, but that of other salts, 
while substances rapidly diffusible and favoring swelling act contrariwise. 
The cathartic salts, according to Hofmeister's classification, belong to 
the group of electrolytes which hinder swelling, hence if the above state- 
ment is true they should impede thie diffusion of other salts. Results 
quite out of harmony with this hypothesis were obtained by Gold- 
schmidt and Dayton (74) who foimd that sodium sulphate, instead of 
hindering, markedly speeds the diffusion rate of sodium chloride in the 
colon. 

Mayerhofer and Pribram (81) present experiments to show that the 
permeability of isolated sections of the intestines of rabbits and guinea* 
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pigs is partially a function of their water content. The more water the 
intestine contains, the more permeable it is for water solutions. By 
imbibition or desiccation a membrane can be made artificially more or 
less permeable. They believe, moreover, that by water withdrawal 
a condition akin to that characteristic of acute and chronic intestinal 
diseases may be produced. Quagliariello (82) reports that he was imable 
to distinguish any difference in the power of isolated intestinal tissue 
of dogs to take up sodium chloride and sodium sulphate. 

The r61e of capillarity and surface tension in intestinal absorption 
is not a new problem, but it has received further attention in recent 
times. Traube (83), (84), on purely theoretical groimds, believes that 
surface tension plays an important part in the mechanism. He has 
foimd that of all the substances which Overton studied plasmolytically, 
the greater the speed with which it passes into the cell, the greater is its 
power to lower surface tension. It is this investigator's idea that sur- 
face tension is the driving force or cause of osmosis. To the combined 
factors he gives the name "Haftdruck" or "adhesion pressure." The 
more the surface tension of a solvent is increased or diminished by a 
dissolved substance, the greater or less is the "adhesion pressure" of 
the solute. Therefore, the osmosis of a solute is more rapid the smaller 
its "adhesion pressure." Intestinal absorption, according to Traube, 
may be influenced by this factor in the following manner. The uptake 
of fats, for instance, is aided by the power of bile to lower sur- 
face tension. Also, the question why sugars go directly into 
the blood, while fat is absorbed by the lymph stream, is associated 
with surface phenomena. However, these influences are subject to 
alteration by other factors. That is, even though the lymph has a 
lower surface tension than the blood, the nature of the pressure in the 
capillaries may carry substances in that direction. Further, chemical 
activity and above all the composition of the membrane may modify 
the mechanism. If, for instance, the membrane contains fatty parti- 
cles, then the surface tension of fluids passing through it decreases and 
thereby modifies the speed of passage greatly. If a membrane on one 
side contains lipoids and on the other not, it can happen that the surface 
pressure may be altered by the lipoid content, and the direction of the 
diffusion stream is altered or even reversed. In other words, the 
"adhesion pressing" on opposite sides of a membrane is an all-impor- 
tant factor in determining, the direction of the fluid passage; hence the 
writer postulates a cause of the failure of blood constituents to pass 
into the intestine. Furthermore, he states, one need not wonder that 
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serum or plasma may be absorbed, as was foimd by Voit and Bauer, 
Heidenhain, and Reid, for the amoimt of lipoid on the mucosa surface 
of the gut makes its surface tension less than on the opposite side. This 
theory, Traube states, does not include the solubiUty of substances in 
lipoids in the sense of Overton, but only the influence which imdis- 
solved Upoid may exert upon surface tension. 

Tor5k (85) and Buglia (86) put the theories of Traube to an experi- 
mental test, adding to solutions (sodium chloride or peptone) subjected 
to intestinal absorption substances (bile, bile salts, gum arabic, etc.) 
which lower surface tension. The results, they say, are not in agreement 
with Traube's views. In no case was an increased absorption demon- 
strated. It has long been known that bile is essential for the absorp- 
tion of the products of fat digestion, and it is of interest to note that 
.as early as 1852 Bidder and Schmidt (87) suggest that this action is 
associated with the eflFect of bile upon capillarity. 

It may be well to review briefly the theory of Friedenthal (29), (88), 
(89) which meets with the approval of Mimk (90). Friedenthal, after 
a full consideration of the subject, decides that the processes of osmosis 
and filtration suflSce qualitatively to explain the absorption from the 
intestine of soluble constituents. For water-insoluble substances, 
however, he maintains that there is a type of aflSnity of the material 
for the cell protoplasm, depending upon its solubiUty in the components 
of the cell structure. This conception, on the whole, is very similar to 
that of Overton and of Hober. Friedenthal emphasizes the point that 
water and protoplasmic solubility are totally different. This then 
would explain how water-insoluble substances such as fats, soaps, etc., 
may be absorbed. 

It is evident that absorption from the intestine may take place against 
an osmotic pressure gradient. Otherwise stated, there is a passage of a 
fluid stream from a place of higher to one of lower osmotic pressure, 
a negative osmosis. Fiulhermore, isotonic solutions of diffusible salts 
may be absorbed. Both of these facts have in the past been diflBcult 
to explain, but they have now found their counterpart in purely physico- 
chemical systems. Dutrochet (1826) recognized that negative osmosis 
may occiw imder certain conditions. He found that acids offer a mode 
of action opposed to that of alkalis, namely, with an alkaline solution 
the current of endosmosis directed itself from water toward the solution, 
while with acid the current flowed toward the water. 

Lazarus-Barlow (91), (92) has demonstrated in membrane experi- 
ments that the initial rates of osmosis of glucose, sodium chloride and 
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urea in equimolecular solutions are not the same as exist between their 
final osmotic pressiwes or freezing point diflFerences. The nature of the 
membrane, and even the eflFeet of albumen in solution, may alter the 
initial rate of osmosis. As an illustration, with a peritoneal membrane 
osmosis can occur between isotonic solutions, or there may be an osmotic . 
flow from a solution having a higher toward a solution having a lower 
final osmotic pressure. Barlow (92) calculates that, from the initial 
rates of osmosis, a physiological saUne is really of a concentration of 
1.6 per cent. Therefore, according to his observations, if osmosis is an 
occm-rence in the organism, one would expect to get a passage from 
hypertonic solutions of diffusible salts. Moore, Roaf and Webster 
(93) also arrive at the conclusion that substances in physiological 
systems will always pass against an osmotic pressure gradient, not be- 
cause of the membrane impermeability, but for the reason that theu 
cell colloids possess an aflSnity for crystalloids. 

Negative osmosis or, in fact, an osmotic stream in any direction, may 
be related to a presence of electric potential in that direction, or elec- 
tro-osmosis. Engelmann (94) and others have shown that the secretory 
activity of glands is accompanied by electromotor phenomena, whil' 
Rosenthal (95) discovered an ingoing electrical current in the stomach 
mucosa of frogs and rabbits. Reid (9), (96) considered and tested the 
occurrence of electrical potential changes during absorption through 
frog's skin and rejects the idea that it has any relation to the process, 
for he finds that both secretipg and absorbing membranes have an elec- 
trical stream in the same direction. In addition, Reid was unable 
to increase the rapidity of fluid transfer from the outer to the inner 
surfaces of frog's skin by connecting a conductor on the two sides 
and arranging the current so that theamoimt flowing in the skin against 
the direction of absorption was reduced. This worker further main- 
tains that in order that the electrical stream be effective, there must be 
a greater "porosity" in one direction. 

Hober (97) and Oker-Blom (98) believe that an absorbing membrane 
is the seat of electro-motor activity, which may be an effective mechan- 
ism in the absorptive process. The electrical current has its source in 
any difference of potential on the two sides of the colloidal membrane. 
Such a state can be established by an unequal diffusion of electroposi- 
tive or negative ions. If, for instance, a membrane is permeable to 
positive ions of an electrolyte and relatively impermeable for the nega- 
tive ions, then there will exist a great degree of electrical potential 
difference between the two sides. This condition results in a cataphoretic 
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electrical diflfusion stream in the direction of the current flow. It is 
thus apparent how even the direction of a diffusion flow may be altered 
by these influences. 

Hober (97) takes up Reid's objections to electro-osmosis as a factor 
in absorption and believes that they can be satisfactorily met by the 
conceptions just outlined. 

Girard (99), (100), (101) has appUed his ideas of electro-osmosis 
to the absorptive process in the intestine (101). It is his belief that, in 
the case of electrolytes at least, osmosis is essentially electrostatic, 
and the presence of hydrogen or hydroxyl ions may alter the process. 
He states that in order to explain the results obtained by Heidenhain 
and others, it is only necessary to assume that there is in contact with 
the membrane a liquid with ions active from the point of view of electri- 
fication of contact (as conceived by Perrin). These ions are adsorbed by 
the membrane and change its sign. If, now, the Uquid on the opposite 
side of the membrane possess the reverse charge, there is a difference 
of potential suflScient to polarize the membrane, resulting in a force 
determining the passage and direction of the osmotic stream. We have 
in these researches, tentative explanations of the negative osmosis and 
absorption of isotonic solutions from the intestinal tract. 

Oker-Blom (98), (102), after a critical survey of the subject, accepts 
osmosis as a qualitative explanation of the mechanism of intestinal 
absorption. In addition, he formulates a hypothesis in which the 
substances absorbed — ^in some instances by conversion into non- 
diffusible products — can exert their osmotic attraction upon the absorp- 
tion of other constituents in the intestine. Thus, a solution of appar- 
ently higher osmotic pressure than the blood may be absorbed. Star- 
ling (103) strongly favors the view that the cells of the intestine actively 
intervene in the process of absorption. However, he states that the 
osmotic pressure of the non-diffusible colloids of the blood may exert 
an osmotic attraction sufficient to accoimt for the uptake of isotonic 
solutions from the gut. 

CRITIQUE OP THE FOREGOING INVESTIGATIONS 

The experimental work bearing upon the subject at hand has been 
presented above and the hypotheses arising therefrom are set down. 
The reader of this r&um^, therefore, has before him a basis for formu- 
lating his own judgment of the relative merits of these different views. 
However, it is not outside the task of a reviewer to take upon himself 
this fimction. Hence an attempt will be made to present a short, 
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critical analysis of the subject, of the mechanism of intestinal absorption 
based upon a full consideration of the experimental work and suggested 
theories. 

In this presentation it is assumed that absorption from the entire 
length of the intestinal tract involves a similar mechanism. A review 
of the investigations designed to test, or incidentally bearing upon, the 
absorption of fluids and dissolved substances at various poiilts of the 
small intestine and the colon, justifies the conclusion that the differ- 
ences are quantitative rather than quaUtative (104 to 114, inc.). 

At the start it may be pointed out that a few facts have found con- 
firmation by many observers, namely: 

1. Water and certain dissolved substances, in the intestine, are 
absorbed from hjrpertonic solutions — as indicated by the A. Under 
such conditions the solute is absorbed in concentrated solution. The 
more closely the A of the intestinal contents approaches that of the 
blood, the greater is the concentration of the absorbed solute, while 
the fluid passage rapidly decreases. 

2. Solutions of a sufficient degree of hjrpertonicity draw fluid into the 
gut. 

3. Both solvent and solute pass from hjrpotonic solutions. 

a. Below about 0.6 per cent concentration of sodiimi chloride in 
the intestine the salt is absorbed in very dilute solution; water passes 
more quickly than the solute. 

6. At a concentration of sodium chloride of approximately 0.6 per 
cent, or at a point in close agreement with the blood content of this salt, 
the solvent and the solute are absorbed at the same rate. Therefore 
the strength of the intestinal fluid suffers Uttle change. 

4. Salt solutions, capable of exerting an osmotic pressure, but which 
are not, or to but a slight extent absorbed (i.e., sodium Or magnesium 
sulphate), come into osmotic equilibrium with the blood, regardless 
of their initial concentration. The non-diffusible salt makes up the 
total osmotic pressiwe of the intestinal solution. 

a. It is stated repeatedly in the literature that, similarly, glucose 
solutions of all concentrations come into osmotic equilibrium with the 
blood. The writer believes that this statement must be made with 
reservation, since the evidence that gludose alone exerts the osmotic 
pressure in the gut under such conditions, is not entirely consistent. 

5. Blood constituents pass into the intestinal contents in but small 
amount imder ordinary conditions. 
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There are other observations touching upon this question of the intes- 
tinal absorptive mechanism, which are either in dispute or their rdle 
is undetermined. These may be stated in the form of interrogations, 
as follows: 

1. Does the blood in its composition, distribution, or by the physical 
forces which it exerts as a fluid stream, have an influence upon the 
absorptive process? Is the mechanism purely local? 

2. Is the intestinal wall a strictly irreciprocal membrane; that is, 
do dissolved materials pass in but one direction? 

a. Is the fluid which passes into hypertonic solutions of the saline 
cathartics, or other salts, a secretion,- a true osmotic fluid flow, or the 
result of an injury to the intestinal epithelium? 

b. Are the blood constituents foimd in the intestinal test solutions, 
secretions of the cells? Can the osmotic concentration of the gut 
fluids exert an influence upon the passage of these substances, or 
may they also be the result of an injury to the intestinal mucosa? 

3. Is intra-intestinal pressure a factor in the absorptive process? 

4. Does the intestinal wall present the properties of other colloidal 
protoplasmic membranes? 

a. May its permeability be altered, aside from the production of 
an injury to the cells? 

5. Do the solubility relations between the intestinal wall and the 
substance in contact with it play a rdle in absorption? 

6. Are the factors of imbibition, surface tension and electro-osmosis 
active agents in the intestinal mechanism? 

7. Is the process piu-ely physical or entirely a fimction of the living 
intestinal epithelial cells, or a combination of both? 

The first question has already been partially discussed in the intro- 
duction above, and evidence presented which indicates that altera- 
tions in the amoimt of blood flowing through the intestinal vessels, 
in a unit of time, can affect the rate of absorption in the normal organ- 
ism. It is of interest in this connection that Marriott (115) has found 
that in certain types of marasmus, the so-called athrepsia; there is a 
diminished blood volume with a concomitant decrease in volume flow 
(116) of the circulating fluid. These conditions are suggested as a 
causative agent in the impairment of the absorptive function of the 
gastro-intestinal tract in this disease. 

Although Reid (6), (7), (8), (9) admits the facts just stated, he (56) 
and (less emphatically) Cohnheim (48), (49), do not concede that the 
osmotic pressure of the blood may influence the absorptive process. 
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Reid bases this conviction upon his failure to get an increased fluid 
absorption from glucose solutions in the gut, when the sodium chloride 
concentration of the blood is raised by infusion. On the other hand, 
he observed in these experiments that there is a decreased sugar absorp- 
tion. These results, so far as they go, have been confirmed by Gold- 
Schmidt and Dayton (74). D'Errico (117) has also reported that in 
whatever fashion the molecular concentration of the blood is altered, 
that is, increased or diminished, tap water introduced directly into the 
intestine is immediately absorbed, and in either case there is a lowering 
of the molecular concentration and electrical conductivity of the 
blood serum. Starling (103), (62) states the proposition thus: "But 
in every case absorption by the alimentary surface is a question 
of the local conditions rather than of the needs of the organism as a 
whole. " In explanation he proceeds to say that only in extreme cases 
of hydraemic plethora can the process of intestinal absorption be influ- 
enced, never in the normal animal. This is undoubtedly true, if it is 
meant thereby that in a normal organism all the products of digestion 
are absorbed as they are presented to the intestinal mucosa. The 
need of the body for a particular product is probably not a determining 
factor. We know, also, that the intestine does not discriminate in 
passing into the blood substances which i^aay or cannot be assimilated 
by the body (118). 

These limitations granted, it must be pointed out that there is 
evidence that the molecular composition of the blood must exert some 
influence upon absorption from the gut, both in the normal and abnor- 
mal state. First, as has been indicated above, it has been repeatedly 
shown that certain solutions in the intestine, whether hjrpertonic or 
hypotonic, come into osmotic equilibrimn with the blood. It may be 
tentatively stated that this is a law of intestinal absorption. Further- 
more, sodium chloride solutions, in isolated loops, adjust themselves 
in a partial pressiwe equilibrium with the chlorides of the blood (74). 
Goldschmidt and Dayton (74) have shown that increase of blood chlo- 
rides, either spontaneously or by infusion, affects this equiUbrium level. 
It cannot alter our case to say that the intestinal cell is the intermedi- 
ary factor, for the fact remains that the blood is the ultimate cause. 
It would seem, then, that the milieu of the organism is not to be con- 
sidered entirely passive in this process. 

It is certain that imder normal experimental conditions large amoimts 
of blood constituents do not pass into fluids in the intestine. It is of 
importance to consider this point for it involves fimdamentally the 
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question whether osmosis is a consideration and whether the intestine 
is a strictly one-way membrane. That chlorides, carbonates and some 
nitrogenous bodies, if only in small amoimt, do pass into the intestine 
is evidenced by the findings of many investigators. Gumilewski (45) 
considered that the chlorides which he foimd in distilled water in the 
gut represented a secretion from the cells. Reid, on the other hand, 
maintains that the passage of chlorides into the intestine imder such 
•experimental conditions is the result of an injury by the distiUed water. 
<jroldschmidt and Dayton (74) foimd that chlorides pass into distilled 
ivater in the colon in amoimts which have been considered to be the 
normal cellular secretion by previous investigators. However, they 
observed that when the concentration of chlorides reached a certain 
point (0.16 per cent) a re-absorption began. Physiologically there is 
no evidence of injury; the colon behaves toward sodium chloride 
solutions, after having been exposed to distilled water, as before. 
If the distilled water is repeatedly removed lai^e amoimts of chlorides 
may be withdrawn from the organism in this manner. If this phe- 
nomenon is to be ascribed to cell secretion it i^ an interesting fact 
that the absorptive power of the intestine serves to keep the mass of 
the secreted chlorides at a fixed low level. Goldschmidt and Dayton 
further show that the point at which re-absorption surpasses the passage 
of chlorides into distilled water in the gut is raised when the chloride 
content of the blood is increased by infusion. It may be argued, also, 
that the extra chlorides foimd in this instance merely represent a secre- 
tion greater than the normal amoimt. D'Errico (117) states that 
intravascular injection of hjrpertonic sodium chloride causes a secretion 
of the intestinal tract of higher molecular concentration than the normal 
secretion. However, he notes that introduction of water hinders the 
secretion and that absorption is also reduced for a time. 

There is still another link in the evidence: Goldschmidt and Dayton 
noted that when sodium chloride solutions of a concentration of 0.6 
to 1.0 per cent are placed in the colon, the solute rapidly adjusts itself 
to an equilibrium with the blood chlorides. But the A of the solution 
is greater than can be accounted for by the chloride content alone. 
All the facts, which cannot be discussed here, point to the passage of 
other substances from the blood into the intestinal solution at this time, 
in an attempt to adjust the total osmotic pressure of the fluid in the 
intestine to that of the blood. Diena (119) has observed precisely 
the same behavior, and has identified some of the blood constituents 
present. Priestly (120) found that when large amounts of water are 
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drunk by man the electrical conductivity of the blood serum is dimin- 
ished. He ascribes this occurrence to a passage of blood salts into the 
intestinal contents. Several investigators have noted increased salt 
output in the feces accompanying catharsis (121), (122), (123). Frey 
(124), (125) arrives at the conviction, on excellent evidence, that the 
chlorides found in glucose solutions in the small intestine owe their 
presence to an osmotic equilibrimn adjustment between the. blood and 
the intestinal contents. He finds that more chlorides pass into hjrpo- 
tonic than into hypertonic solutions of glucose in the gut. This 
investigator believes that the presence of a cell injmy is excluded in 
his experiments. Frey and also Cobet (126) find that the upper and 
lower portions of the small intestine differ in their capacity to "secret*' 
chlorides as well as to absorb solutions. 

It may be added in passing that Goldschmidt and Dayton (74) believe 
that the diffusion of blood constituents into intestinal solutions is a 
function of the osmotic pressure of the gut contents, and is also depend- 
ent upon whether or not this osmotic pressure is due to diffusible 
or non-diflfusible substances. An isotonic solution of a non-diffusible 
salt (i.e., sodium sulphate) permanently inhibits the passage of 
chlorides from the blood into the colon. If the sulphate injured 
the colon cells, according to Reid, more chlorides should be found 
in the fluid than normally. If secretion of the cells were respon- 
sible for the chlorides in intestinal fluids imder other conditions, we 
should expect to find the so-called "normal amoimt" here also; such 
is not the case. In view of the evidence presented, the conclusion is 
warranted that the intestinal membrane is not irreciprocal but may 
allow salts to pass in either direction. 

It would scarcely seem necessary to discuss whether the statement 
just made also applies to fluids. It is a imiversal experimental finding 
that hypertonic solutions of suflScient concentration call forth a liquid 
stream into intestinal loops of experimental animals (126 to 134, inc.). 
The larger number of these experiments deal with the mechanism of 
the action of cathartic salts, but for the purpose of this discussion we 
shall deal only with the general problem. The point at issue is whether 
this fluid stream represents an active secretion, a piu^ osmotic flow, 
or whether it is the result of an injury. 

Goldschmidt and Dayton (74) noted that diffusion of fluid from the 
blood does not begin imtil the concentration of sodium chloride in the 
colon is above 1.2 per cent. If the osmotic pressure of the blood is 
increased by sodium chloride infusion the concentration of chlorides in 
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the gut, which is necssary to draw fluid from the body, is still higher 
than normally. Hay (128, p. 243) found that if means were taken to 
limit the intake of water in an animal, administration of sodium sul- 
phate results in a failure of catharsis. Furthermore, this observer (128, 
p. 391) determined that saline purgation with strong solutions causes a 
blood concentration. It would appear, therefore, that the fluid stream 
into the gut bears a definite relation to the relative osmotic pressures 
of the gut contents and' the blood. In addition there is no doubt that 
the source of the fluid is the blood. These facts are prima facie evidence 
that we are dealing with a true osmotic flow. 

Further proof of the nature of this process is found in the work of Brodie 
(135), (136) and his collaborators. Their experiments have shown that 
there is an increased oxygen consumption and blood flow, above that of 
the normal resting state, in the small intestine when sodium chloride, 
distilled water and Witte's peptone are absorbed. On the other hand, 
when hypertonic magnesium sulphate is present in the intestine, such in- 
crease of oxygen consumption does not occur. The statement is made 
that this result would appear to favor the view that the transport of 
water into the magnesiimi sulphate is due to physico-chemical causes 
rather than to active secretion. 

It will be noted that in Brodie's experiments distilled water caused 
an increased oxygen consumption, while hypertonic magnesium sul- 
phate did not. It has been alleged that both injure the intestine. 
If so, from these results we must assume that the injuries are of a differ- 
ent nature. Many observers have claimed that strongly hypertonic 
solutions of salts, especially the saline cathartics, cause changes in the 
intestinal mucosa (137), (138), (139). Heidenhain (43) states that 
there must be a limit to the concentration of salt which the epithelial 
elements of the intestine will stand without injrny. Nevertheless, he 
admits (140) that the secretion caused by hypertonic salt solutions in 
colon loops is due to an endosmotic capillary transudate and not to a 
glandular secretion. Furthermore, the colon glandular cells exhibit 
no anatomical alterations from such an osmotic stream. 

If the intestinal wall possesses some of the properties of a diffusion 
membrane — and such a conclusion seems warranted — it might be 
expected to exhibit the variabilities of behavior which are so character- 
istic of colloidal systems. It is well known that protoplasmic colloids 
are in a markedly deUcate state of equilibrium, which is especially sensi- 
tive to and altered by electrolytes and the presence of hydroxyl and 
hydrogen ions. This being the case, it is not difficult to understand that 
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the permeability of colloidal membranes may be easily affected by 
changes in their environment. The result is evidenced by an increased, 
decreased, or total change in the membrane behavior. 

In a colloidal system, moreover, smf ace tension phenomena are very 
active and may indeed be the cause of the changes mentioned in the 
preceding paragraph. Therefore, the possibility of such factors exert- 
ing an influence in the mechanism must be considered. 

Aside from smf ace actions the character of the diffusion process may 
be altered by differences of electrolyte environment on the two sides 
of the membrane. The charge conferred by such a state upon opposite 
smf aces of a membrane is of importance in the mechanism of electo- 
osmosis and electrical cataphoresis. This phenomenon is especially cap- 
able of demonstration in the intestine, but must be accompanied by 
a more exact knowledge of the relative speed of the passage of ions and 
molecules through the gut wall. 

That the speed of diffusion of substances may be altered in the enteric 
tract has been mentioned above in regard to solutions of mixtures of 
sodium sulphate and sodium chloride. Goldschmidt and Binger (75) 
have lioted that when increasing amounts of calcium lactate are added 
to a constant concentration of sodium chloride, the diffusion rate of the 
latter salt is first increased and then diminished. A consideration of 
the experimental findings in their investigation led Goldschmidt and 
Binger to the opinion that the effect is due to changes in membrane 
permeability. 

Analogies to this action can be foimd in the literature. Cohnheim (48) 
observed that quinine retards water absorption from solutions in the 
intestine. Reid (9), (56) noted that the presence of sodium chloride 
in glucose solution favored the uptake of the glucose from the gut, which 
action he designates as a "chemical excitation." Many observers have 
noted that the presence of one salt may affect the absorption of another 
in the intestine (141 to 144, inc.). It is interesting that apparently 
sodium chloride facilitates the intestinal absorption of proteins, pep- 
tones and gelatine (42), (145), (146). There is, in addition, an isolated 
observation which indicates that the permeability of the gut may be 
influenced from the side of the blood. Fisher and Moore (147) find 
that in many experimental conditions in which sugar appears in the 
urine, none is demonstrable in the enteric tract. However, if sodium 
chloride is injected intravenously during the hyperglycemia, sugar is 
excreted into the small intestine. This action is attributed to an alter- 
ation in the permeability of the intestinal mucous membrane. 
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It is evident that the intestinal mechanism is not wholly irresponsive 
to physico-chemical forces the exact nature of which are, to be sure, 
obscure, but which are supposedly associated with its colloidal 
structure. 

To conclude, in answer to the last question formulated above, it 
must be apparent, from the evidence presented, that the mechanism of 
intestinal absorption is qualitatively explained by the known laws of 
osmosis. The researches of Traube, Girard, Perrin and others demon- 
strate that the van^t Hoflf theory of osmotic pressure is inadequate to 
explain all the phenomena which may be attributed to osmosis. Phjrs- 
ico-chemical investigations planned upon this basis are now bringing 
to light new facts which show a closer agreement between purely phys- 
ical systems and body membranes. It would seem that eventually 
the information thus obtained will be of great aid in elucidating such 
questions as the one imder discussion in this paper. In this connection 
Loeb (148) has recently obtained results of inestimable value. He 
shows that the diffusion of water through a membrane is dependent for 
its direction and rate of migration upon a charge conferred upon the 
water molecules by the membrane. This, in turn, is a fimction of the 
chemical nature of the membrane as well as of the valency, the con- 
centration, and the sign of the charge of the ions in contact with it. 

Of the many investigators who have considered the subject, Hoppe- 
Seyler, Reid, and perhaps C!ohnheim, have alone insisted upon a purely 
*' vital " interpretation. That factors other than osmotic may be active 
in modifying the process has been indicated. All the evidence points 
to their physico-chemical nature, and much useful research may still 
be expended before one need seek refuge in that last resort, "vital cell 
activity. " 
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AN ANALYSIS OF SOME OF THE FACTORS OF 

VARIABILITY IN THE VITAL CAPACITY 

MEASUREMENTS OF CHILDREN* 

D. J. EDWARDS and MAY . G. WILSON 

NEW YORK 

The use of vital capacity measurements of the lungs in a com- 
parative way implies a certain standard of reliability of the measure- 
ments on the normal subject. If the observations made on the normals 
cover a wide range of variability, then small differences, such as may 
well arise from moderate disturbances in function, will be obscured, 
and the practical value of the test greatly diminished. 

In adults the limitations and practical usefulness of vital capacity 
measurements have been clearly shown in the work of Peabody,^ 
West * and others. More recently, we have applied the test to children 
and have indicated a line of usefulness in this field.' A question 
concerning the reliability of the results naturally arises, however, 
when vital capacity measurements are made on young subjects, since 
there are two outstanding ways in which the test, as applied to children, 
may be expected to yield more variable results than when applied 
to adults. First, the satisfactory performance of the test depends in 
large measure on an immediate and complete forcing-out of the air 
from the lungs when the test is made, and young subjects present 
some difficulty in getting a thorough expulsion of the air ; and second, 
it is necessary to relate vital capacity to some other body measure- 
ment, such as height, weight, or body surface area, and during the 
growing period these body measurements are subject to marked change 
and individual differences. 

The present study is an attempt to determine to what extent dif- 
ferent methods of measuring the vital capacity influence the final values, 
and to define in a statistical way the amount of variability exhibited 
in a large series of vital capacity observations on children who were 
selected only with respect to the age limits of from 6 to 16 years and 
to clinically normal subjects. 

Methods of Measuring the Vital Capacity, — In a previous paper * 
dealing with the vital capacity of children with heart disease we have 
given a figure representing the mean value obtained on a group of 



♦From the Departments of Physiology and Pediatrics, Cornell University 
Medical College. 

1. Pcabody. F.W.,and Wentworth, J. A.: Arch. Int. Med. 20:443 (Oct.) 1917. 

2. West, H. R: Arch. Int. Med. 25:306 (March) 1920. 

3. Wilson, M. G.,and Edwards, D. J.: Am. J. Dis. CHiild. 22:443 (Nov.) 1921. 
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normal subjects. While this work was in print, Emerson and Green * 
reported observations on the vital capacity of normal children of about 
the same age range that are significantly lower than those obtained by 
us. We have, therefore, studied the matter further in an attempt to 
discover some of the reasons for the apparent difference in the two 
sets of observations. Our observations were made with a specially 
constructed spirometer of the Gad-Krogh type. In the calibration of 
this instrument the water displacement method was first used to measure 
off the liter divisions, and then the entire scale was checked against 
a ten liter Bohr meter. A recalibration of the instrument has recently 
been made and this was found to confirm the original values. We 
believe, therefore, that errors in calibration can be excluded as a pos- 
sible cause for the higher values obtained by us. 

A second method of checking our results has been to compare 
the readings obtained with our instrument with those obtained on the 
same subjects with other spirometers. Thirty-six subjects, ranging 
in size from 0.83 to 1.54 sq. m. surface area, were selected for the 
first series in the test. The measurements of the vital capacity were 
taken on each subject with three spirometers and with only a few 
minutes intervening between each set of obrervations. The instruments 
used beside our own were the Sanborn, made by the Sanborn Company, 
of Boston, and the Standard, made by the i^arragansett Machine 
Company, of Providence. The Standard instrument was calibrated 
by the same method as that described above and \ corrected scale 
placed upon it. \ 

The Sanborn instrument gave results that agree verV closely with 
those obtained with our instrument. The average figure :or the series 
shows a difference of a little less than 1.5 per cent., witliv the Krogh 
instrument giving the higher values. When the results arV. arranged 
into groups on the basis of the surface area of the subject.^ there is 
shown a remarkable parallelism of the values obtained wf^h these 
instruments throughout the size range. With the Standard\ spiro- 
meter the results show consistently lower readings amounting to a 
difference of a little more than 10 per cent, for the averages <jf the 
group, when compared with the figure obtained with our instrument. 
There is also greater variation from group to group than is exhibited 
in the results with the other instruments. \ 

In another series of 115 cases we hiave compared the results obtaimed 
with other Standard spirometers (not calibrated by us) with thpse 
obtained with the Sanborn. It should be noted, however, that (the 
measurements in this series with the Standard instruments were :kiot 
taken at the same sitting, but at a previous time ranging from a flew 



4. Emerson. P. W., and Green, H. : Am. J. Dis. Child. 22:202 (Sept.) 11921. 
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days to as much as a month. It will not be possible, therefore, to 
relate these values in a quantitative way. The significant feature in 
these results is the greater variability in the group averages given 
from the measurements with the Standard spirometer over those 
obtained on the same subjects with the Sanborn instrument. 

Another series of tests has been made, similar in procedure to 
the above, to compare the measurements obtained with a Dry spiro- 
meter made by Thomas Upham, of Boston, with those obtained with 
the Sanborn. Forty-one subjects were included in this series, and the 
average values for the group exhibit lower readings with the Dry 
spirometer by about 11.6 per cent. We are not justified in placing 
very much stress on this quantitative difference, since the measure- 
ments were not taken on the same date. But observations covering 
much longer intervals make it evident to us that the lower reading 
with the Dry spirometer cannot be explained on the basis of time 
changes. 

It is indicated from these results that certain types of spirometers 
tend to give lower readings than others and that the group values 
obtained with the low reading spirometers generally exhibit greater 
variability. Differences of this character result in no small degree, we 
believe, from the use of instruments not sufficiently sensitive for the 
measurement of the vital capacity of children. 

Another factor that appears to account for part of the discrepancy 
between the observations reported by Emerson and Green and those 
we have obtained is in the different method used for estimating the 
surface area. They employed, for the most part, the Benedict-Talbot 
method, whereas we have used exclusively the DuBois height-weight 
method. In order to obtain some notion of the extent of influence 
which this difference in the method of estimating the surface area 
might have on the final results, we selected at random ten cases 
published in the tables by Emerson and Green and have calculated 
these on the basis of the DuBois surface area chart. The results 
show an average about 12 per cent, higher than their figures for the 
same subjects. 

These considerations, while indicating two factors which make 
for the lower vital capacity values reported by Emerson and Green, 
do not account for the comparatively large difference between their 
findings and those we have obtained. If more complete data were 
available concerning technic and character of the subjects, it might 
suggest other factors that have contributed to the discrepancy, but in 
the absence of such material it is of no avail to speculate. 

Variation of the Vital Capacity in a Group of Normal Subjects. — 
In a group of thirty-five children in whom stem length, chest circum- 
ference, height, weight and vital capacity were taken we found • that 
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Chart 1.— Body weight (kg.) against vital capacity (ex.). 
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Chart 2.— Surface area (sq. m.) against vital capacity (c.c). 
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in using Dreyer's ' standards for vital capacity the correlation to the 
surface area measurement (surface area calculated from the DuBois 
height-weight chart) appeared to be as close as that to any of the 
other body measurements. On the basis of this and also the work 
of West ^ and of Dreyer • on adults, the suface area unit was adopted 
for relating all our vital capacity measurements. The work has been 
extended so that we now have records of the vital capacity, height 
and weight of 360 clinically normal children. This amount of material 
has seemed to warrant a closer study of the degree of variation 
exhibited, with a view to a more exact evaluation of its significance 
and better methods of expressing the results. 

At present there is, in general, no better way of gaining a clear 
impression of the degree of variability of a series of observations 
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Chart 3. — Body height (cm.) against vital capacity (c.c). 



than to arrange them in the form of a plot. Although somewhat 
more time consuming, this method has the advantage of showing at 
a glance in which part of the range of variables there is present the 
greatest degree of scatter. In the present analysis the data have been 
arranged to plot the vital capacity as related to weight, to height and 
to body surface area. 

An examination of these plots, shown in Charts 1, 2 and 3, reveals 
the greatest degree of scatter when the body weight is taken as the 



5. Dreyer, G., in collaboration with G. F. Hanson: The Assessment of 
Physical Fitness by Correlation of Vital Capacity and Certain Measurements 
of the Body, with Tables, Cassell and Company, London, New York, Toronto 
and Melbourne, 1920. 

6. Dreyer, G.: Lancet 1:197, 227, 1919. 
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measure of relationship; also that there is little difference between 
relating the vital capacity to surface area and that relating it to height 
alone. In the weight relation the greatest amount of scatter is shown 
by the measurements taken on the larger subjects. This we interpret 
to mean that the factors which make for variability in weight are opera- 
tive to a greater extent in children weighing more than 40 kg. 

The plot for the height relation shows a fairly well grouped set 
of observation throughout the range. The method of relating the 
vital capacity to surface area presents a close correlation in that part 
comprising the smaller subjects, but, like the weight relation, shows 
divergence as we approach the higher vital capacity readings from 
larger subjects. This feature of the surface area relation naturally 
follows from relations previously shown for the height alone and for 
the weight alone, since the method of deriving surface area contains 
an element of both factors. 

In the light of these results, the method of relating the vital capacity 
to a body height measurement seems indicated as a general practical 
procedure. This does not imply that the vital capacity measurement 
in children is more closely correlated to body height than it is to surface 
area as we have derived the latter, but it is interpreted rather to 
indicate that the inherent errors in the weight measurement, when 
deductions have to be made for clothing, and the accumulative errors, 
when surface area calculations are carried out from these measurements, 
more than offset the slight difference in absolute correlation which 
the surface area relation may contain. 

In turning now to the problem of the closeness of correlation of 
the vital capacity to the surface area it will be important to remember 
that our subjects present a normal group from an ordinary clinical 
standpoint. Beyond this it is impossible to speak with exactitude in 
regard to thein soundness ; in fact, in the light of more recent work, 
there is reason for believing that a small percentage of the group would 
reveal abnormal conditions with more exact methods of diagnosis. 
It is of interest to note, therefore, that the standard deviation of this 
series, which gives a measure of the variability in terms of the unit in 
which the variable is measured, i. e., in liters vital capacity per square 
meter body surface area, is 0.272 for the 360 cases. To obtain a 
measure in relative terms of the variability of different characteristics 
measured, it is customary to express them as percentages of their 

individual means. This coefficient of variation (C. of V. =--— ) 

. . , mean 

in the present series is found to be 14.2 per cent. 

In variability, as measured in the absolute terms of the standard 

deviation and in the derived relative term of the coefficient of variation, 

our series shows a value slightly greater in magnitude than certain 
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other physiological measurements, such as the pulse rate and the heat 
production in adults/ but it is less than that reported on such measure- 
ments as keenness of sight ® and heat production in in f ants.'' 

The results of this brief comparison indicate that our series shows 
a satisfactory agreement with the results of others on fairly comparable 
physiological measurements. The agreement seems rather remarkable 
when one considers the probable influence of age, sex, race, the small 
percentage of cases not strictly normal, and the differences in mental 
cooperation in the test. 



Chart 4. — (A) Distribution of subjects grouped according to surface area 
size. (B) Average vital capacity of each group in surface area size arrangement. 

Vital Capacity as Related to Body Size. — In the course of these 
observations on the vital capacity of children, as related to surface 
area, we have been impressed by the frequency with which low read- 
ings were obtained on small children, and similarly a tendency for 
larger subjects to give higher readings. 

The surface area measurement, containing as it does a height and 
weight element, probably expresses more exactly than any other body 



7. Harris, J. A., and Benedict, F. G. : Carnegie Institution of Washington, 
Pub. 279. 1919. 

8. Pearson, K. : The Chances of Death and Other Studies in Evolution, 
E. Arnold, London, 1897. 
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measurement the body size relation of groups of subjects differing 
markedly in their individual proportions. On the basis of this concep- 
tion of body size, we have divided the whole range of our 360 cases into 
groups of convenient units as regards their surface area size. Each 
subject was then assigned to the appropriate group with his vital 
capacity calculated on the basis of his surface area. The mean value 
for each group was then determined with a view of showing to what 
extent size introduces a variable in a statistical average for the whole 
series. 

The results of this method of analysis are very well brought out 
in Chart 4. The curve at the bottom (A) shows the frequency dis- 
tribution in terms of the group totals. It exhibits a skew type of 
curve with the mode at about 1 sq. m. surface area size. This form 
of the curve merely signifies that, in selecting our subjects from the 
ages of six to sixteen, inclusive, we have inadvertently obtained a pre- 
ponderance of subjects in the lower half of the range. The upper curve 
(B) of the mean vital capacity for each size group shows a distinctly 
upward trend from the smaller to the larger sized subjects. The 
slope of the curve suggests that, with a larger number of cases, it 
would give a straight line cutting approximately the point 1.74 at the 
lower, and 2.18 at the higher range. This would give roughly a 25.2 
per cent, range, which is probably statistically significant. It indicates 
that in the evaluation of an individual vital capacity measurement on 
the basis of surface area some account has to be taken of the actual 
size of the subject measured before an accurate estimate of the devia- 
tion from the normal can be made. It follows, therefore, that a single 
mean value derived from a large group oi widely diflfering sizes 
of children offers only an approximation to the true mean of any 
individual class. 

It is of interest in this connection to consider the possible meaning 
of the type of curve presented by this method of grouping according to 
body size. There is suggested the operation of at least three factors, 
either separately or in common : First, the method of deriving surface § 

area may contain an element of inaccuracy with diminishing stature; 
second, the method of measuring the vital capacity may similarly 
introduce a constantly increasing error with smaller subjects; and 
third, the vital capacity in terms of its absolute relation to body size 
may undergo an increase in children as they approach maturity. The 
data at hand afford no basis for determining the degree of operation 
of these different factors. 

It is pertinent to this discussion to note that in the grouping of 
the subjects according to the surface area size there is naturally a 
certain amount of segregation of age relations. The subjects com- 
prised, for example, in the group from 0.7 to 0.79 sq. m. surface area, 
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are as a group younger than those included in the group from 1.20 to 
1.29 sq. m. An analysis of these group results will show, therefore, 
whether less variability goes with greater maturity and stature. If 
we use as a measure of variability the coefficient of variation, it is 
evident from the accompanying table that the small young subjects 
do not give values significantly more variable than shown by the 
older and larger subjects. 

The Variability of the Vital Capaoty Measurements Shown by Different 
Groups Arranged According to Surface Area Size 



Group 


No. Of 


Maximum 


Minimum 


Percentage 


Mean 


Standard 


CoefQcient 




Cases 






Range 




Deviation 


of Variation 


0.7-0.79 


12 


2.97 


1.28 . 


61.8 


1.64 


0.233 


14.2 


0.8-0.80 


49 


2.85 


1.87 


71.5 


1.84 


0.252 


13.9 


0.0-0.99 


72 


2.44 


1.42 


71.8 


1.90 


0.220 


11.6 


1.O-1.09 


79 


2.84 


1.38 


76.0 


1.89 


0.237 


12.5 


1.1-1.19 


45 


2.38 


1.88 


79.0 


1.92 


0.232 


12.1 


1.2-1.29 


34 


2.30 


1.41 


68.0 


1.96 


0.234 


11.9 


l.a-1.30 


18 


3.10 


1.41 


120.0 


2.02 


0.200 


12.9 


1.4-1.49 


22 


2.86 


1.54 


58.0 


1.90 


0.208 


10.7 


1.5-1.59 


12 


8.28 


1.48 


U8.0 


2.18 


0.350 


16.0 


1.6-1.69 


12 


2.88 


1.62 


89.5 


2.18 


0.500 


22.9 


1.7-1.79 


5 


2.77 


1.67 


76.5 


2.09 


0.248 


11.9 



These results support the conclusion that the observations made 
on small young children are statistically as reliable as those obtained 
from the more mature subjects ; moreover, they indicate that the lower 
mean values shown in the curve of Chart 4 for the subjects of small 
surface area size are probably not due to an error inherent in the 
method, which is inversely related to size and age of the subjects 
measured. 

SUMMARY 

The measurement of the vital capacity of children with certain 
types of spirometers has given results 10 per cent, or more below 
that obtained on the same subjects with other instruments. Moreover, 
the results obtained with those instruments giving low readings exhibit 
a greater degree of variability. It is suggested that the low readings 
of a more fluctuating character are probably due to the use of a spiro- 
meter not sufficiently sensitive for the measurement of the vital capacity 
of children. 

The vital capacity observations on 360 normal children, when related 
separately to the body measurements, height, weight and surface area, 
exhibit a correlation slightly to the advantage of the height relation. 
It is suggested that the height unit may be the most practical body 
measurement for the relating of the vital capacity of children; not 
that the absolute correlation is greater than the surface area unit, but 
rather that the chances for errors in the calculations are less and in 
practice will more than oflFset any fundamental diflference there may 
be in favor of the surface area method. 
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The absolute variability in this series, as shown by the standard 
deviation, is 0.272 liters per square meter surface area. The coefficient 
of variation is shown to be 14.2 per cent., a value agreeing fairly 
well with that of other physiological variables of a comparable nature. 

Based on the surface area measurement as a criterion of body size, 
certain groupings have been made. The mean vital capacity of each 
of these groups was obtained, and from these data it has been shown 
that the vital capacity, as related to a unit of surface area, exhibits 
gradually increasing values from the smaller to the larger-sized sub- 
jects. This difference is estimated to be of the order of a 25 per cent, 
range for the size groups. 

In terms of the coefficient of variation, the groups comprising the 
smaller surface area size, which were likewise made up of younger 
subjects, do not exhibit greater variability than the groups of larger 
surface area size made up of older subjects. It is argued that the age 
factor does not make for greater variability in the measurement of the 
vital capacity of children. 

CONCLUSIONS 

1. A spirometer that offers minimal resistance to the egress of 
the air from the lungs is necessary for measuring the vital capacity 
of children. 

2. The correlation between vital capacity and body height is more 
intimate than that between vital capacity and surface area, or body 
weight. 

3. The vital capacity values obtained from children show a degree of 
variability about equal to that exhibited by other fairly comparable 
physiologic variables. Young children give results that are not more 
variable than those from older ones. 

4. Children of small stature exhibit a lower vital capacity per unit 
of surface area than those of larger stature. 
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